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iGEHERflL InTROPUCTIOn 
Soils are the upper loose part of the earth crust in which 
plants grow. However, according to Joffe (1936), "The soil is 
a natural body, differentiated into horizons of mineral and 
organic constituents, usually unconsolidated, of variable depth, 
which differs from the parent material below in morphology, 
physical properties and constitution, chemical properties and 
composition and biological characteristics". The soil is the 
factory that manufactures plants which produce a veriety of 
essential commodities required for the maintenance of the human 
life. The nations of the world have always tried to improve the 
conditions of their soil for higher productivity of essentials to 
meet the growing demands of the people. 
COMPOSITION OF SOIL 
The soil consists of five main components namely: 
mineral matter, organic matter, soil water, air and living 
organisms. 
MINERAL MATTERS: 
The mineral matter, a product of physical and chemical 
weathering of rocks consists of particles of varying sizes; those 
6 
in finer state of sub-division <0.002mm constitute the clay 
fraction. It is the most active and reactive portion of the soil 
(Baver, 1948). While the coarse fraction consists of rocks debris 
and sand. Several extensive studies of x-ray diffraction patterns 
have revealed that clays are crystalline in nature and composed 
of few simple building units. The crystal structures of the 
various clay minerals have been discussed and are now well 
defined by various workers (Grim, 1953; Olphen, 1963; 
Marshall, 1964; Mackenzie, 1957). The clays are composed of 
alternately parallel two dimensional layers of silica tetrahedron 
and alumina octahedron sheets. The difference in the special 
arrangemet of these units in the crystal lattice gave rise to 
different groups of clay minerals. The important clay minerals 
which are commonly found in soils are as follows. 
KAOLINITE 
The structure of kaolinite (Grunar, 1932; Pauling, 1930; 
Ross and Kerr, 1931) is composed of a single tetrahedral sheet 
of silica and a single octahedral sheet of alumina that are 
combined in such a way that the tip of the silica tetrahedral 
and a layer of alumina octahederal sheet are embaded to form 
a common layer (Fig. 1 & 2). Thus, it has 1:1 non-expanding 
lattice where two adjacent sheets are heldup togather by strong 
hydrogen bond that even restrict the entry of water molecules 
7 
between the layers. The clay has therefore, little swelling, 
plasticity, cohesion and shrinkage properties. The size of the 
unit cell is 7.2A0, kaolinite, nacrite, halloysite and dickite are 
the isomers of this group. The cation exchange capacity of the 
mineral is very low and varies from 3-15 mqji 100 gm"1 clay. 
MONTMORILLONITE: 
The structure of montmorillonite (Hofmann et al. 1983) is 
composed of single octaheTdral sheet of alumina enclosed 
between two silica sheets (Fig. 1 & 2) withjtheir vertices 
pointing to each other and towards the centre of the unit. The 
oxygen atoms are shared by aluminium and silica atoms. The 
structural units are held by weak oxygen-oxygen linkage which 
result|d) in the crystal lattice to expand readily. Due to the 
expansion, water and other polar molecules can easily penetrate 
between the unit layer causing the lattice to expand in the (In-
direction. The C-axis dimension is, therefor?, not fixed but 
varies from 9.3 A0 to 14 A0 or even more. Hence, it is regarded 
St if-
among ^swelling clays. The cation exchange capacity of the 
mineral is high and varies from 80-120 meq 100 gm"1 clay. 
ILLITE : 
The basic structure of illite is very similar to that of 
montmorillonite having 2:1 type of basic unit structural 
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arrajgement (Grim et al. 1937; Bolt et al. 1963) with the 
difference that some of Si (+4) is replaced by Al (+3) and the 
resultant charge deficiency is balanced by K ions between the 
silica sheets of two successive units that act as a bridge in 
holding adjacent layers together so that they do not expand in 
presence of water. The size of the unit cell is 10 A°. 
Isomorphous substitution is also possible within the lattice 
resulting in a wide variations in their composition. Because of 
its close resemblance with mica, it is considered to be a member 
of mica group. The cation exchange capacity of illite varies from 
20 to 40/meqv)100 gm'1 clay. C\^oi 
CHLORITE : 
The structure of chlorite has been thoroughly discussed 
and concluded by Donahue et al. (1977). Chloriteiare basically 
ferro-magnesium silicate with some alluminium present. The 
typical chlorite clay crystal are composed of 2:1 layers, such 
as in vermiculite. The crystal unit contains two silica tetrahedral 
sheets and two magnesiumjdominated octahedral sheets giving 
rise to the term 2:1:1 or 2:2 type structure. Chlorites do not 
i 
swell when wetjed with water and have low cation exchange 
capacity that varies from 10 to 40 meq 100 gm1 clay. 
11 
AMORPHOUS CLAYS : 
Amorphous clays are the mixtures of silica and alumina, 
containing weathered oxides of iron etc. that have not formed 
well oriented crystals. These are common in soils and exists in 
varying proportions. Their properties are usually uncommon 
such as positive charge or anion exchange property which is 
governed by the pH and the nature of salt solution in soil. 
SOIL ORGANIC MATTER (SOM) 
The soil organic matter (SOM) or humus may be defined 
as the organic residue left behind after microbial decomposition 
of plant and animal remains frequently dark coloured and 
possessing certain characteristic varying in physical and 
chemical properties (Waksman, 1938). Its synthesis and 
degradation is a dynamic process and depends largely on soil 
environment. In generalimjiumus may be divided into two main 
groups as follows : N \ £u 
A) HUMIC SUBSTANCES : 
Transformed products bearing little or no resemblance to 
the anatomical structures from which they are derived. 
B) NON-HUMIC SUBSTANCES'. 
Unaltered remains of plant and animal tissues and also 
12 
organic compounds that have definite characteristics. The humic 
substances can further be ^ubiiivided into following subgroups 
according to their solubility in alkali and acids. 
i) Humic Acid : Soluble in alkali and insoluble in acids. 
ii) Fulvic Acid : Soluble in both alkali and acids. 
iii) Humin : Insoluble in both alkali and acids. 
Accumulation patterns of humic and fulvic acid fractions 
have been studied by various workers (Goh et al. 1976; 
Schnitzer and Khan, 1972; Syers et al. 1970; Kilham and 
Alexander, 1984) to show that the humic acid concentrated 
principally in the surface or immediately below the surface 
horizon while fulvic acid fraction extends to much lower depth 
and is hardly precipitated from an alkaline extract by acid 
because of its more functional groups (Stevenson and Goh, 
1971). 
SOIL WATER : 
Soil water is an important consti tuent of soil which helps 
to cont ro l soil air, soil t e m p r a t u r e , evapo t ransp i ra t ion 
requi rement and supply of nu t r i en t s to growing plants 
(Brady,1974). The soil water content varies with the soil texture 
and ranges from 5.1 to 11.9 % (Donahue et al. 1977). 
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A relationship between the nature and amount of clays in 
soil and water retention capacity was observed by Ali and 
Biswas (1968). ,He\concluded that the water retention and 
release were highest in bentonite followed by illite and kaolinite 
respectively. The amount of available water in soil was also 
found to be related with silt (Abrol and Bhumbla, 1968) and 
organic matter content (AH, 1965). However, the movement of 
water in soil is influenced by the location, its extent and 
physical characterstics of the different horizones (Clatheir et al. 
1979). 
SOIL AIR : 
The soil air mainly consists of oxygen, carbon dioxide, 
nitrogen, nitrous oxide etc. It has been observed that the 
composition of soil air varied with the climatic conditions, 
(Russell and Appleyard, 1915) as well as with the nature of soil 
(Jong, 1981). Nitrogen and nitrous oxide gases have been 
measured by some workers using IR and gas chromatographic 
technique in soil (Dowdell and Smith, 1974; Arnold, 1954) that 
may be reason for nitrogen losses under anaerobic condition via 
denitrification processes. The other physiologically active gases 
such as methane, ethylene, hydrogen sulphide, volatile fatty 
acids, alcohals, ketones and aldehydes have also been reported 
to be formed in water logged soil by microorganisms (Smith, 
1977). 
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LIVING ORGANISM IN SOIL : 
living organisms are an important and useful component 
of soil. They play a major role in supporting nutrient supply 
to plants. Small living organisms are biologically classified as 
microflora (plant) and microfauna (animal). They are considered 
to be present in soils from top to few inches. Their population 
may vary from few to a few million per gram of the soil 
(Donahue et al.1977). 
Soil microflora and fauna primarily comprise^ of mainly 
Bacteria, Fungi, Actinomycetes, Algae, Protozoa, Nematodes 
and Virus etc. 
The microbial activities in soil are largely responsible for 
the maintenance of soil fertility (Russell, 1973). A number of 
biochemical transformation viz. ammonification, nitrification, 
denitrification, symbiotic and non-symbiotic nitrogen fixation 
and mineralization of sulphur, phosphorus and other trace metals 
from their unavailable to available forms have been reported to 
occur as a result of microbial activities in soil (Gowda et al, 
1976; Parr, 1974; Bollag and Henninger, 1976; Gaur and Misra, 
1977; Vlassak, 1975). Azotobacter is reported to be present in 
fertile soil with the availability of the energy material (mainly 
carbohydrate), 'being their determining factory Since these 
organisms are sensitive to soil pH, they are deficient in acidic 
15 
soil with pH lower than 5.5. It was found that the total microbial 
population decreased with soil depth, deficiency in the 
nutritional levels, organic matter and moisture, e4c. Nitrogen 
fixation by root nodule bacteria is influnced by the nitrogen 
status of the soil, supply of nutrient elements like phosphorus 
and molybdenum .e£J?. 
PHYSICO-CHEMICAL PROPERTIES OF SOIL 
MECHANICAL COMPOSITION : 
The first information required about a soil is its 
mechanical composition. By mechanical composition or texture 
is meant the particles of various sizes such as gravel, sand, 
silt and clay/ in soils. The particle^ size distributes of a soil 
influence/ its chemical, physical and biological properties, 
while clay particles, which have a large surface area, determine^ 
most of its chemical and physico-chemical properties. Particle 
size distribution in soils influences, the water holding capacity 
and hence the water supply to plants. It also influences the 
strength and compressibility of soils. The success of any 
mechanical analysis depends firstly upon the preparation of the 
sample to ensure complete dispersion of all aggregates into their 
individual primary particles without breaking up the particles 
themselves, and secondary upon the accurate fractionation of the 
sa.nple into various separates. 
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SOIL pH : 
Soil pH is an important property as it controls the 
availability of nutrients to plants, the bacterial activity and 
physical condition of the soil. The pH is defined as -log10 aH+. 
The soil pH provides various clues about other soil properties. 
The soils low in pH (4 to 5) usually have high and toxic 
concentration of soluble aluminium and manganese. Acidity of 
soils arises from several different sources like the presence of 
humic substances, nature of the alumino-silicates in clays and 
their hydrolysis, presence of hydrous metal oxides and other 
soluble salts. On the other hand, alkaline soil with a high 
percentage of exchangeable sodium havefejhigh pH value/above v 
tvfr - A 
8.5 and i/pmay be due to the presence of sodium bicarbonate 
and sodium carbonate in soils as soluble salts. 
ELECTRICAL CONDUCTIVITY (E.C.): 
It gives an idea about the total soluble salts content in 
sA 
soils. Soil salinity scale
 ybased on electrical conductance of the 
extract. For saline soil, the salt content is more than 0.3% or 
E.C. >4.0 ramhos cm"!. Electrical conductance of a solution 
r^ 
increases approximately 2% per degree centigrade. Electrical 
conductivity of the irrigation waters may range from 0.1 to 0.75 
mmhos cm"1 or below. High salinity hazard is incurred in case 
of irrigation water having conductance much above this range. 
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The salinity is due to the presence of NaCl and Na2So4 as 
soluble salts in soil. 
EXCHANGEABLE CATIONS: 
The clay lattice carries a net negative charge which is 
compensated by cations which are located on the unit layer 
surfaces. In presence of water, these compensating cations have 
a tendency to diffuse away from the layer surface since their 
concentration is smaller in bulk solution. These compensating 
cations act as the counter ions of the double layers and are 
exchangeable for other cations. The major exchangeable cations 
on exchange sites in soils are Ca2+, Mg2+, H+, Na+, K+ and Al3+ 
etc. The organic cation can also replace the inorganic cations 
causing exchange adsorption. The proportions of exchangeable 
cations on the colloid surfaces are constantly changing asiions 
are added from dissolving minerals. 
CATION EXCHANGE CAPACITY : 
The term base exchange capacity or cation exchange 
capacity defined as the power of the soil to combine with 
cations in such a manner that they cannot easily be removed 
by simple leaching with water, but can readily, exchanged by 
an equivalent amount of other cations. In other words, it 
represents a limit beyond which the salt would be available in 
18 
soils as soluble salts or in the hydrolysed state. The cation 
exchange capacity gives a measure about the colloidal content 
of the soil and their capacity to store and yield the cation 
needed by plants. It is the most important criteria in identifying 
the clay minerals. ^~~\ 
THE SOILS OF INDIA 
A knowledge of the kinds and distribution of soils is 
essential for a proper appraisal of their productivity and 
assessment of input requirements and in turn relative response 
to them. Standard soil surveys and their classification (Murthy 
et al. 1982) assume an important role and the Benchmark soil 
concept helps to : 
i) Provide a base for research on soil and water management 
and crop responses there on to input. 
ii) Design experiments to ascertain crop responses to 
variables which distinguish soil series/family. 
iii) Provide type locations for soil classification and further 
studies. r \ 
National Bureau of Soil Survey and Land Use Planning 
(Nagpur) has made a tremendous effort in this direction and classified 
the Benchmark soil of India into seven reeions as follows : 
h 
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/ 
1. SOILS OF KASHMIR VALLEY 
The soils of Kashmir valley have developed under 
temperate climatic environment. This region has a distinct 
period during April to November when potential evaporation 
exceeds precipitation. 
2. SOILS OF THE HIMALAYANA REGION AND NORTH 
EASTERN MOUNTAINS: 
The soils of this region are formed on steep hills, valleys 
and terraces over different geolological formations, and cover 
large areas in suWiumid warm temperate and humid tropical 
environments. They are susceptible to erosion. 
3. SOILS OF THE INDO-GANGATIC PLAINS, THE 
BRAHAMPUTRA VALLEY AND THE TARAI : 
The soils of this region extends to about 7,00,000 sq. km. 
The alluvium is very thick, and is variable according to 
geomorphic positions and source of the river transporting the 
sediments. The climatic environment ranges from semiarid to 
humid sub-tropical. 
4. SOILS OF THE DESERT REGION : 
The desert in India is mainly represented by gently sloping 
undulating plains and sand dunes. The major part is covered by 
pleistocene and recent formations. The desert is influenced by 
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strong south west resulting in aeolian modification of the soils. 
The short duration bio-mass build up in desert even though the 
rainfall is very low. In soil profiles, calcium carbonate 
distribution is common to varying degrees. 
5. SOILS OF THE BLACK SOIL REGION 
The soil of this region are clayey in nature with 
montmorillonite being a dominant clay which varied from 40 
to 60 percent or more. The soils swell, shrink and crack and 
are also easily dispersed. They have high moisture retention 
capacity and potential fertility. 
6. SOILS OF RED AND LATERITE SOIL REGION : 
The red and laterite soils extend in peninsular India and 
some parts of Orissa, Bihar, and West Bengal. These soils have 
well marked horizons of clay enrichment with a significant 
proportions of amorphous materials. Variations in texture, depth, 
colour and clay mineralogy results from relief and drainage 
differences. 
7. SOILS OF THE COASTAL AND DELTAIC REGIONS: 
The eastern and western coastal plains are situated 
A 
between eastern and western ghat, « « • Bay of Bengal and 
Arabian sea respectively while major delta plains are those of 
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the rivers Ganga, Brahmaputra, Mahanadi, Godavari, Krishna 
and Canvery. These soils are developed in semi-arid' to humid 
environments. They range from extremely acid to alkaline in 
reaction, and from soils with low organic carbon content to 
those having organic horizons. They are formed under 
moderately well drained to poorly drained conditions as 
influenced by relief and inundation. 
THE SOILS OF ALIGARH DISTRICT 
Aligarh covers an important area among the districts of 
Uttar pradesh(India). The district lies toward north of the 
i 
Ganga-Yamuna doab with in the parallels 2 7 ° J „ 2 9 ' and 28° 11' j 
north latitude and 77° 29" and 78° 38' eastJjatHude/ The district j 
is of fairly big size with an area of 1950sq. miles. Its alluvial / 
deposits have a gentle slopes/ from north-west to south - east. 
There are several natural depressions apart from those formed 
by the rivers valleys and drainage lines. Topographically the 
district present a trough like appearance with high Ganga and 
Yamuna banks at the extreme rims. 
The climate of the district is semiarid subtropical with 
mean annual air temperature of 26.7°C and mean annual rainfall 
of 775 mm. A fluffy layer of salts, about 2.5 cm thick, is 
observed on the surface during dry months. Water table 
fluctuates between 0.2 and 2.0 m depth. The soils of the district 
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are alluvial with little leaching and considerable accumulation 
of salts on the surface. The alluvial beds varying from olive 
brown to ash-grey in colour, very strongly alkaline to weak 
alkaline in nature, pass through the successive layers of sand, 
sandy silt and clay with occasional compact beds of kankar of 
an indurated character/ According to the order of the genesis 
of the principal soil types, the district of Aligarh has been 
grouped into six natural soil regions as shown in (Fig. 3). 
Soils of Aligarh district have also been classified as 
"Hirapur Series" by National Bureau of Soil Survey and Land 
Use Planning (Murthy et al. 1982). This series is distributed 
extensively in Aligarh an adjoining district of U.P. These soils 
are imperfectly drained and show/moderately slow permeability 
PLANT NUTRIENTS 
Plants utilize a large number of elements from the soil and 
the environment during their growth and development. But all 
the available elements are not essential for plant growth. Sixteen 
elements are found to be essential in plant nutrition. Their 
excess and deficiency may cause several diseases as they play 
a vital specific role in the life process of plant growth (Arnon, 
1950). These elements are carbon, hydrogen, oxygen, nitrogen, 
phosphorus, potassium, calcium, magnesium, sulphur, iron, 
manganese, copper, zinc, boron, molybdenum and chlorine. 
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Plants take up carbon as C02 (mostly through leaves); hydrogen 
as H+ and H20; oxygen as 0 2 \ OH', C02 '3, S02 '4 and C02 ; 
nitrogen as NH+4 and NO 3; phosphorus as H2PO"4, HP02"4 and 
P0 3 4 ; potassium as K+; calcium as Ca2 +; magnesium as Mg2+; 
sulphur as S0 2 4 ; iron as Fe2+ and Fe3+; copper as Cu+and Cu2+; 
Zinc as Zn2+; manganese as Mif"; boron as H2BO"3 and B(OH)j 
molybdenum as Mo02"4 and chlorine as CI' ions. Out of these 
only seven (Fe, Cu, Zn, Mn, B, Mo and CI) are required in 
smaller amount and thus they are called micronutrients or trace 
elements. The elements such as C, H, 0, N, P, K, Ca, Mg and 
S are needed in large quantities and hence known as macro 
nutrients. The role of some important macro and micro nutrients 
in plant growth are discussed below: 
NITROGEN: 
Nitrogen is an essential constituent of metabolically active 
compounds such as amino acids, proteins, enzymes and some 
non-proteinous compounds. It's deficiency in citrus plants 
appear in having smaller size leaves with dull green yellowish 
colour (Chapman. 1968). 
PHOSPHORUS: 
Phosphorus is a structural component of cell membranes, 
chloroplasts and mitochondria and a constituent of sugar 
phosphates, viz. ADP, ATP, nucleic acid. etc. phospholipids and 
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phosphatides. The coenzymes NAD and NADP are involved 
in oxidation-reduction reaction and play some vital role^ in life 
process of plants such as photosynthesis, glycolysis, respiration 
and fatty acid synthesis are dependent on these coenzymes 
(Devlin, 1972). All biochemical processes including molecular 
synthesis and their uptake and transport of some ions which 
need energy depend on the supply of ATP (Mengel and Kirkby, 
1978). 
POTASSIUM: 
It plays an important role in the maintenance of cellular 
organizations by regulating permeability of cell membranes and 
keeping the protoplasm in a proper degree of hydration. It 
activates the enzymes in protein and carbohydrate metabolism 
(Evans and Sorger. 1966). It also imparts resistance to plants 
against fungal and bacterial diseases. 
CALCIUM: 
It is a constituent of the cell wall, an activator of different 
plant enzymes and is essential for the stability of cell 
membranes. Its deficiency may cause chromosome abnormalities 
(Hewitt, 1963). As ca-pectate. it is a constituent of the middle 
lamella of cell walls (Evans and Sorger, 1966). 
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MAGNESIUM: 
It is atConstituent of chlorophyll and chromosome. It is 
also involved in enzymes which catalyze the synthesis of 
nucleic acids from nucleotide polyphosphates and it participates 
as an intermediate carrier, forming a bridge between the 
pyrophosphate structure of ATP or ADP and the enzyme 
molecule (Nason and McElroy, 1963; Mengel and Kirkby, 1978). 
SULPHUR: 
It is required for the synthesis of sulphur containing 
aminoacids and proteins, activity of proteolytic enzymes, and 
helps in the increase in oil contents' in oil bearing plants. 
BORON: 
Boron influences cell development by its influence on 
polysaccharide formation. It regulates translocation of sugars 
across membranes and polyphenolase activity. 
IRON: 
It is a constituent of cytochromes, haem and non-haem 
enzymes. Perhaps the best known role of iron is its catalytic 
enzymes activity. 
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MANGANESE : 
It plays an essential role in respiration and nitrogen 
metabolism in plant (Stiles, 1961). It acts as an activator for 
the enzymes, nitrite and hydroxylamine reductase. It also 
participate/as an enzyme activator in reactions of Krebs cycle 
(Epstein, 1972). 
ZINC : 
&<* d i 
It involves in many enzyme, in plant metabolism. Among 
these, carbonic anhydrase catalyzed the break down of carbonic 
acid in to carbon dioxide and water. Several dehydrogenase 
enzymes such as alcohol dehydrogenase, glutamic dehydrogenase 
and malic dehydrogenase are sensitive to their deficiency (Price 
et al. 1972). According to Devlin (1972), the accumulation in 
Zn deficient plants of soluble nitrogen compounds such as 
aminoacids and amides indicate the role of this element in 
protein synthesis. 
COPPER : 
It plays an important role in oxidation reduction reaction 
J> 
of enzymei(Arnon, 1949) and together with cobalt it's deficiency 
may cause several forms of diseases to cattle fed on crops grown 
on such soil. 
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MOLYBDENUM : 
a 
It isj constituent of nitrate reductase nitrogens enzyme 
and is associated with nitrogen utilization and in nitrogen 
fixation. 
CHLORINE : 
It stimulates the activity of some enzymes and influences 
carbohydrate metabolism. 
The deficiency symptoms of macro and micro element are 
given below and shown in (Fig.4). 
NITROGEN (N) : 
Dwarfing and abnormally light green plant.Leaf erect, light 
green to yellow, firing in acute condition. 
PHOSPHORUS (P) : 
Dwarfing and abnormally dark green plant. Leaf erect and 
unusually narrow. In acute condition greenish brown to black. 
Bronzing on back side. 
POTASSIUM (K) : 
Chlorotic leaves, small dead spots of specks at the tips 
and margins, rusty appearance crimping and cupping of margins 
and tips. 
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FIG. 4: VISUAL SYMPTOMS ON LEAVES DUE TO PLANT NUTRIENT 
DEFICIENCIES 
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CALCIUM (Ca) : 
Plant remains dark green, young bud leaves chlorotic, 
hooks and die back at tips and margin, finally death of the 
terminal bud. 
MAGNESIUM (Mg) : 
Chlorosis starting from tips and margins, with no dead 
spots, veins green, cupping under tips and margins or base 
necrosis in acute condition leaf detaches easily. 
SULPHUR (S) : 
Light green leaf, veins still paler, no dead spots 
IRON (Fe) : 
Chlorosis, no spots, main veins typically green. 
MANGANESE (Mn) : 
Leaf chlorotic, main and smaller veins dark green forming 
a chequered appearance. 
COPPER (Cu) : 
Interveineal chlorosis. Rosetting and permanant wilting 
leaf detaches easily. 
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ZINC (Zn) : 
Leaf narrow and small, lamina chlorotic, veins green, dead 
spot, develop all over the leaf including veins, tips and margins. 
r~ 
MOLYBDENUM (Mo) : 
Leaf light green, golden yellow to orange, dead spots all 
over the area except veins, affected areas extrude residnous gum 
through lower surface: 
BORON (B) : 
Young leaves of the terminal buds lose colour at the base, 
breaking down starting from the base, Death of terminal bud. 
PESTICIDES 
Pesticides are the various organic and inorganic chemicals 
used to control unwanted and dangerous species of plants and 
animals. These are the economic poisons employed to regulate 
the, impact upon our life and economy. According to Ware (1978) 
pesticides are "Any substance used for controlling, preventing, 
destroying, repelling or mitigating pests is known as pesticide^". 
They are broadly classified into various classes according 
to the target species against which they are intend to act, such 
as insect icides, herbicide, f u n g i c i d e s , rodenticides, 
nematocides and acricides etc. which are in common use. 
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INSECTICIDES : 
Insecticides are those substances which are used to kill 
or control various insects. They can be applied directly to soil 
or as sprays or dusts to foliage plants. Pests such as wire-
worms, chafer grubs and root maggots in soil are extremely 
difficult to be controlled due to their relatively inactive nature. 
To kill them, a small amount of insecticide is homogenously 
mixed in soil or applied in excessive amounts. Volatile 
insecticides are more beneficial as they can permeate the soil 
creviced and reach the inactive stages of the pests such as eggs 
or pupae. Organochlorine insecticides i.e. BHC, aldrin and 
heptachlor etc. seemed ideal insecticides in early stages of 
insecticidal discovery. The main reasons behind this, were their 
toxicity to many orthopods, fumigant action and high 
persistance. In general, insecticidal chemicals may be classified 
into following broad groups. 
A) ORGANOCHLORINE: 
Among various organochlorine insecticides developed so 
far, the most important and best known is DDT, the discovery 
of which in 1939, not only earned a Nobel prize for Paul Muller 
of Geigy company, but also opened new possibility in controllig 
the insect vectors of tropical diseases like typhus and malaria. 
It was followed by BHC (1942). Witrlin a very short period, a 
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range of these insecticides were developed as chlordane (1945), 
heptachlor (1945), toxaphene (1947), methoxychlor (1948), 
aldrin (1948), dieldrin (1948), endrin (1951) and endosulfan 
(1956) etc. and generally accepted for insecticidal use. In 
generat,>tfaes«e are wide spectrum insecticides used to kill a great 
variety of pests. 
B) ORGANOPHOSPHORUS:-
Tshe oirganophosphorus insecticides includes : parathion 
(1944), diazinon (1952), trichlorphon (1952), phorate (1954), 
carbopihenotfoion (1955), disulfoton(1956), dimethoate (1956), 
fenthion (1957), thionazin (1959), menazon (1961), diffonate 
(1966), chlorfen vinphos (1963) and others like malathion, 
phosphamidon, dichlorvos etc. Several of these were first 
developed as nerve gases during second world war. The 
organophosphates are much more soluble in water (20 to 
1,54,0.00 ppm), but their volatility is nearly equal to that of 
organochlorines. These insecticides are less persistent in 
comparision to organochlorines. 
C) CARBAMATES:-
Some carbamates compounds have also been used as 
insecticides. Besides carbaryl (1956) which is used as a possible 
substitute of DDT in orchard, many newly developed carbamate 
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insecticides are in practice. They include CPMC, carbofuran, 
bendiocarb, aminocarb and meabal etc. Most of the carbamates 
act on insects in a similar way to the organophosphorus 
compounds. They persist much less than organochlorines but 
longer than organophosphorus compounds. 
HERBICIDES : 
Herbicides are those chemicals which are used to destroy 
or supress the growth of unwanted herbaceous and weed plants 
without injuring others. Organic chemicals which exhibit 
heirbicidal and plant growth regulator properties are numerous 
and varied from biological, physical and chemical standpoints. 
They can be sub-classified into following groups 
A) S-TRIAZINES: 
These herbicides conform to the general formula: 
X 
I 
N N 
where R^  and R2 refers to the N-substituted with lower alkyls 
and X to CI, OCH3 and SCH, etc. for extensively used s-triazine. 
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Some of the commonly used s-triazine herbicides are: Simazine, 
Atrazine, Atratone, Prometone, Ametryne and Prometryne etc. 
B) SUBSTITUTED UREAS : 
The substituted ureas class'of herbicides contain a number 
of videly used compounds such as fenuron, diuron, monuron, 
l inuron, norea, chloroxuron, fluometuron and siduron etc. 
Various new herbicides of this group are being evaluated. These 
are used at high concentration rates as soil sterilants and at low 
rates as selective pre-and post-emergence herbicides in crop 
production. 
C) PHENOXYALKANOIC ACID: 
The members of this class of herbicides are used primarily 
as foliar applied treatments. Some of the important phenoxy 
alkanoic acid herbicides are : 2,4-D, 2,4,5-T; MCP; MCPA; 
Dichlorprop and Silvex etc. They are generally employed as pre-
emergence treatment in conjunction with other herbicides 
because of their short residual life. 
D) CARBANILATES : 
Many types of carbanilates show herbicidal actions. Some 
of the most extensively used compounds of this group included, 
swep, propham, chlorpropham and ba.tban etc. Swep, propham 
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and chlorpropham are used as pre-emergence herbicides, while 
barban is used as post-emergence control of wild oats in cereals. 
These compounds are readily degradable by microorganisms. 
They are lost through volatilazation if they are applied to wet 
soil. 
E) CHLORINATED ALIPHATIC ACIDS : 
Various chlorinated aliphatic acids such as 2, 2-
dichloropropionic acid(dalapan), trichloroacetic acid (TCA), and 
2. 2-dichloro isobutyric acid (FW-450) etc. have been used as 
herbicides. 
F) AMITROLE :-
It is a substituted triazole (3-amino-l ,2,4-triazole) 
herbicide which is used primarily due to its resistivity towards 
microorganism (Ashton, 1961). However, it was later observed 
that chemical as well as microbial degradation both may be 
experienced by this compound. 
Besides the above most extensively usedherbicides, there 
are many other compounds which are also used as herbicides. 
They include : Pyridines, N-aliphatic carbamates, Dipyridyls 
and many others. 
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FUNGICIDES : 
Fungicides are those chemicals which are used to control 
various fungi and fungus borne diseases like mildew, blights, 
smuts, rusts, scab, spot, rot etc. Fungi are pathogenic organisms 
which may be present on foliage surface as powdery mildews 
or they may r/rnify through plant tissues and produce 
reproductive spores at the outer plant surface to enable the 
infection to spread. 
Fungicides are of two main types: 
A) SURFACE FUNGICIDES 
These are older fungicide used to apply to foliage as 
sprays or dusts. They do not enter the plant tissues but kills' 
the fungus and the surface spores. They include; Bordeaux 
mixture, lime sulphur, preparations containing Cu, Zn, Mg, As, 
S and other natural plant extractions. 
The organic surface fungicides are : organic mercury, alkyl 
mercury and phenyl merury. They are appeared to cause wide 
spread environmental hazards due to much toxic mercury metal 
(Dix, 1981). The organic thiocarbamates such as thiram, ziram. 
and maneb etc. and phenolic compounds such as ditrophenol, 
dinocap and many others have been used as organic surface 
fungicides to replace organic mercury compounds. 
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B) SYSTEMIC FUNGICIDES : 
These fungicides are absorbed into the plant through 
leaves, roots and seeds and are translocated within the plant 
tissues. Consequently this group is more effective than the 
surface fungicides. However, newer systemic fungicides are 
continuing to be developed, benomyl, MBC, TBZ, thiophanates, 
dowco, triarimol and carboxin etc.are in common use. All 
organic fungicides have low toxicity to plants, birds and 
mammals, so they are not potentially hazardous in the short 
term. Some products containing metal that are known to 
accumulate in food chains, may pose some health hazard. 
RODENTICIDES : 
Rodenticides are those chemicals which are used to 
controlled and kill the mice, rats, squirrels, ground hogs and 
field rodents etc, Which are responsible for extensive crop 
damage and to spread diseases. The chemicals used for this 
purpose are, calcium cyanide, zinc phosphide, barium carbonates 
and warfrain etc. 
NEMATOCIDES : 
These are useful for controlling nematodes, underground 
parasitic nematodes that attack the roots or root hairs of plant 
and results in general weakening of the plant leading to poor 
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growth and yield. Some of the chemicals used for this purpose 
are tetraethyl pyrophosphate (TEPP), nemagon, telone and 
oxamyl etc. 
ACRICIDES : 
These are used for controlling mites which are harmful to 
fruit trees and crops. The commonly used chemicals for this 
purpose are aryl alkyl sulphide, chlorafension and dicofol etc. 
With increasing use of pesticides in agriculture, doubts 
were raised concerning the effects of these chemicals upon the 
environment during 1950 and early 1960s, Rachael Carson 
(1963) recognised the dangers of pesticide in polluting 
environment ^produced evidence of toxic effects uppn.jwild life 
and potential hazard to man in her famous book, ("Silent spring". 
Since then, a number of workers have carried out experiments 
on various aspects of environmental pollution caused by 
pesticides (Heuper and Conway, 1964; Mellanby, 1972 a,b). In 
India, ir£spite of low level of use, the persistence of some 
pesticide residues in various food stuffs have been reported 
(Bindra and Kalra. 1973; Khandekar et al. 1982). 
Some pesticides are described as stable and persistent 
which means that they remain in soil for varying period of time 
such pollutive chemicals may enter the food plants through 
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leaves (foliage spray) and/or may be absorbed from soil through 
plant roots. Animals absorb these chemicals from their food and 
accumulate them in specific body organs until it reaches a lethal 
threshold doses for species. In general, the harmful effects of 
pesticides can directly be related to their persistence and 
accumulation in the environment, as well as within the body 
tissues of animals and humans. 
MICROBIAL ACTIVITIES IN SOIL 
Microbes are small living organisms which can not be seen 
by nacked eye. However, they can be examined by using 
microscope. They are found in the environment such as soil, 
water and air. Soil microorganisms play an important role in the 
transformation of nutrients by their active role of nitrogen 
fixation, oxidation - reduction, solubilization etc. process and 
converting them from unavailable to available forms usable by 
plants. 
It is universally known fact that these microorganims play 
a key role in balancing the soil fertility status. 
The major groups of the soil microbiological population 
or its flora (plants) or fauna (animal) are as follows : 
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BACTERIA : 
Bacteria are primitive, very minute unicellular organisms 
devoid of chlophyll. They are simple in structure and consist 
of a mass of protoplasm surrounded by semipermeable cell 
membrane. They include/spore forming and non-spore forming 
rods, cocci, vibrio and spirilla. They vary considerably in shape, 
size, oxygen requirements (aerobic and anaerobic), energy 
utilization (autotrophic and heterotrophic) and in relation to 
plants and animals (saprophytic and parasitic). Some autotrophic 
bacteria Nitrosomonas and Nitrobacter can oxidize ammonia to 
nitrites and then to nitrates. Some other bacteria can also 
oxidize sulphur, iron, manganese and carbon monoxide. 
FUNGI : 
These are classified according to their nutritive processed 
that are parasite, saprophyte or symbiotic. They produce 
extensive mycelium and spores in soils and in compost. Parasitic 
fungi decomposes resistant cellulose, lignin and gums resulting 
holes in soil and cause plant diseases. Saprophytic fungi obtain 
their energy from the decomposition of organic matter while 
symbiotic fungi live on the roots of certain plants in a 
dependent relationship in which both fungus and plant are 
mutually benefitted. 
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ACTINOMYCETES : 
Actinomycetes are characterized by branched mycelia. 
Three of the genera of actinomycetes are well represented in 
the soil. Species of Nocradia are closely related to some of the 
bacteria especially the Mycobacteria and Corynebacteria. 
Species belonging to Streptomyces and Micromonospora 
genera are more closely ralated to fungi. Actinomycetes vary 
greatly in their biochemical properties in relation to higher 
plants and animals and their effect on soil bacteria. 
ALGAE : 
These are green coloured organisms and are autotrophic. 
Their main classes are grass green chlorophyceae, blue green 
cyanophyceae and the distomyceae. Certain blue green algae 
have demonstrated the ability to fix nitrogen from atmosphere 
(Cameron and Fuller, 1960) and Myland et al, (1966) worked 
on the species of Scytonema and Anabana algae genra and found 
their ability to produce chlorophyll, make their life in the soil 
especially on its surface independent of the presence of organic 
matter. 
NEMATODES : 
These are microscopic, unsegmented, thread like worms 
and may be classified according to their feeding habits. 
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Omnivorous, predaceous, parasitic nematodes are very common 
in soils. 
PROTOZOA : 
These are primitive, unicellular, microscopic animals that 
feed mainly on bacteria. The main protozoan groups are 
Amoebae, Flagellates and Ciliates. 
Soil organisms are the chief cause of decay of organic 
matter therejby elements are converted to their simple forms 
which can be used by higher plants, for example proteins are 
broken down into amino acids, ammonium salts, nitrites and to 
nitrates by the action of various types of microorganisms. .The 
various kinds of chemical reactions in soil like oxidation 
-reduction (Charles and Paul, 1958), solubilization and fixation 
of plant nutrients in soils (Singhal et al. 1975), denitrification 
and nitrificaion of soil nitrogen (Noggle and George, 1977) are 
all mostly controlled as a result of chemical and microbial 
activities in soil (Singhal et al. 1976). A wide variety of soil 
organism including both bacteria and fungi are involved in 
producing 3-indole acetic acid and other plant growth promoting 
substances. 
The microbial activities are largely responsible for the 
maintenance of soil fertility (Martin, 1973) as well as in 
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governing soil properties (Katznelson and Bose,1959). 
Microbials mineralize (Reich and Bartha, 1977), oxidize (Papper 
and Miller, 1978) and reduce elements in soils and indirectly 
influence their solubilities. Pesticides are considered to alter the 
number of activities of microorganism in soils (Wainwright , 
1978). Atmospheric pollution is also considered as a factor to 
effect the microbial activities (Wainwright, 1980). 
SOIL POLLUTION 
Today, the ecological changes have a direct impact on 
living organisms. The environment has deteriorated owing to 
industrial stress, urbanization, population density and numerous 
other polluting agencies which makes the earth as a paradise 
for infections agents. Such chronically accumulated environment 
contaminates our air, water, food and soil. 
With the green revolution spreading in rural areas, the 
demand for various organic chemicals used as pesticides, plant 
growth regulators and chemical fertilizers are on* increase. In 
addition to these, several organic compounds such as organic 
Y 
acids, aldehides, ketones, alcohols,amino acids and phenolic 
compounds etc. are produced as a result of organic matter 
decomposition through chemical and /or biochemical processes 
(Allison, 1973) in soil medium. Some of these organic 
compounds including pesticides are characterized as organic 
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pollutants (Khan et al. 1985) and affect the plant growth 
(Singhal and Singh, 1974 a,b). They also found to affect the 
translocation of trace metals and their availability to plants and 
soil microbial populations (Khan et al. 1987; Singhal and 
Singh, 1977 a). Higher doses of these may become fatal to 
human and adversely affect the life process of various soil 
microorganisms such as Bacteria, Fungi, Actinomycites, Algae 
and Nematodes etc. that are responsible for the maintenance of 
soil fertility (Subba Roa, 1977), by their activity. Through the 
process of oxidation, reduction, solubilizations, mineralization, 
fixation etc. of plant nutrients and convert them into their 
useable forms needed by plants. For instance, the plant utilizes 
the nitrogen in the form of NH4+-N and N03~-N. The atmospheric 
nitrogen get fixed into the roots of legume plants (Bagyaraj, 
1975) such as Gram, Pea, Berseem, Green-gram, Sunhemp, 
Black-gram and Dhaincha etc. by symbiotic nitrifying bacteria 
namely Rhizobium Spp. while non-symbiotic Azotobacter Spp. 
fix the atmospheric nitrogen directly into the soil (Alexander, 
1977). Plant/utilize phosphorus in the form of H, PO " and 
HP04 " and P04 . These forms are made available to plant by 
certain bacteria, such as Pseudomonas Spp. and Bacillus Spp. 
and fungi, such as Aspergillus Spp., Penicillium spp. (Singh et 
al. 1983). Plantutilize sulphur as S04~ ion which is transformed 
by oxidizing bacteria, such as Thiobacillus, Beggiatoaknd 
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Thioploca. fcfc. fungi, Aspergillus, Penicillium and also by 
actinomycetes, Micros poriumpjtfz. Thus, microbiology attract the 
soil scientist because they could differentiate beneficial 
microorganisms from the plant pathogens and may care and 
utilize them for better crop production . 
The numerous soil organic compounds are found to 
interact with soil colloids and affect the translocation of metal 
ions in soils and thus they influence their availability to plants. 
Recently Khan et al. (1982) have reported that the heavy metals 
translocate into the soil as metal-S.O.M. complexes and 
emphasized the role of certain organic compounds e.g. 
carboxalic acids,amino acids and organic bases in the 
mobilization of certain trace metals through soils by using soil 
thin layer chromatography. The effectiveness of organic 
compounds and pesticides are found to be affected by several 
factors such as soil texture, organic matter content, nature of 
exchangeable cations over soil colloids and soil pH, nature of 
compounds and their adsorption characterstics etc. (Singhal et 
al. 1978 a ), However, the specific role and mechanisms played 
by the different pesticides such as Endosulfan, Dichlorvos, 
Monocrotophos, Malathion, Bavistin,2,4-D etc. and related 
compounds on life processes of different microorganisms and on 
the growth of various crops under Indian environmental 
conditions are yet to be examined. This study will reflect the 
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role of these organic chemicals on the growth and development 
of various crops and micro organisms, their nutrients 
requirements and other favourable condit ions such as 
temperature, humidity, soil pH etc. responsible for their healthy 
growth and development €OT avoiding the risks of pollutional 
aspects posed by these organic materials with the enhanced 
L-—i 
bioactivity in soil. 
FLY ASH 
Large quantities of fly ash are being produced annually 
by coal- burning power plants. Approximately 19.6 millon tons 
of fly ash were produced in the USA in 1968; and during the 
3 year period, 1966-1968, fly ash production increased at a rate 
greater than 1 million tons annually. Most fly ash is disposed 
of at considerable cost by transporting it to lagoons and dumps. 
Methods of disposal that eliminate the unsightliness of fly ash 
piles and the high costs of lagoon construction and of 
transportation would be desirable. Use of fly ash in agriculture 
has been suggested as one alternative. 
Fly ash as compared to soil, generally contains greater 
quantities of all essential plant nutrients except N (Cope, 1962; 
Hodgson and Holiday, 1966; Leonard and Davidson, 1959; Rees 
and Sidrak, 1955; Rees and Sidrak, 1956; Rudulph, 1956). The 
contents of B, Cu, Mg, Mn and Mo in plants grown on fly ash 
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or fly ash- soil mixtures indicate that these nutrients are present 
in a soluble form (Cope, 1962; Hodgson and Holiday, 1966; 
Rees and Sidrak, 1956). The pH of fly ash from various plants 
usually is in the range from 6.5 to 10.5 (Hodgson and Holiday, 
1966). It has been reasoned , on the basis of nutrients content 
and pH of fly ash, that fertilization with the by-product may 
affect nutrient availability both by supplying nutrients in a 
soluble form and by changing soil pH (Engle et al. 1967; Rees 
and Sidrak, 1956; Hodgson and Holiday, 1966) . Indiscriminate 
application of fly ash to soil is undesirable for in some cases, 
the by-product may decrease plant growth due to Al, B or Mn 
toxicity (Cope, 1962; Hodgson and Holiday, 1966; Holiday et 
al. 1958; Jones, 1961) injury from a high concentration of 
soluble salt (Hodgson and Holiday, 1966) or P deficiency 
induced by reaction of soil P with Al and Fe in fly ash 
(Cope,1962; Hodgson and Holiday, 1966). 
Flyash from a western U.S. coal source was added to a 
calcareous soil and an acid soil at rates < 8% by weight. The 
treated soil were cropped to a native desert plant species 
(Encelia forimosa) followed by barley under green house 
conditions, with the objective to monitor long-term effect of 
fly ash on soil and plant composition and plant productivity, 
Application of fly ash increased pH, electrical conductivity, Ca. 
Mg, Na, B and SO : 4 in the soil. The increase in soil pH of 
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the calcareous soil was completely buffered following the 1st 
crop. B and S02"4 showed relatively low initial release but 
increased substantially upon cropping. Dry weight of shoots of 
desert species and yeild of barley grain were significantly 
improved upon addition of fly ash, to the soil. Data on analysis 
of plants showed jphosphorujresponses to S and Mo from fly 
ash, whereas the increase in Ca, B, and Na varied among soils 
and plants The availability of P, Zn, Fe and Mn to plants 
appeared to be diminished by fly ash low Cu'Mo ratios occurred 
in the plants, suggesting potential problems of fly ash treated 
crops intended for animal use. Although data on soil and plant 
analysis indicate substantial removal of fly ash derived elements 
by plants a long terms effect of the by product on their chemical 
composition vv^s'^vTdemt was inhibited. Thus, fly ash should be 
recycled as fertilizer at low rates to avoid soil salinity 
increased. 
SOIL THIN-LAYER C H R O M A T O G R A P H Y 
Chromatographic methods are considered as powerful tools 
in Analytical Chemistry and have been employed in the 
separation of organic and inorganic compounds and their 
mixtures * elements of different valency, states and in the 
identification of individual components in the complex mixture 
systems: where other methods fail or can not give satisfactory 
50 
results. The methods are quite inexpensive, sensitive, selective 
and rapid. Their utilization in analytical field have been realized 
in recent years (Pribyl and Herzel, 1977; Ludwick et al. 1977). 
These methods of chemical separation could be performed with 
modest equipment, namely gas, paper, thin layer chromatograms 
may be formed by partition, adsorption, ion-exchange or their 
combinations. Different types of chromatographic techniques are 
based on the same principle that the components of mixture 
could be separated from one another by passing it through 
a two phase systems, one mobile which may be liquid or gas 
and which is in equilibrium with a stationary phase i.e. paper, 
silica gel, soil, clays, alumina or ion exchange resin etc. Silica 
gel is one of the most widely used material as static phase. 
Besides this, alumina, magnesium silicate and activated carbon 
are also used. The soil thin layer chromatography was first 
successfully utilized by Helling and Turner (1968) for detection 
of pesticides movement using different type of soils as static 
phase.The work was further extended and published (Helling, 
1971) in his three reports dealing with pesticide mobility in 
soils (I) Parameters of thin layer chromatography (II) 
Applications of soil thin layer chromatography and (III) 
Influence of soil properties. 
Since the movement of substances or their separations can 
be affected by altering the conditions of the static phase (Soil 
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of diverse nature) and developer and applied substances. This 
provides a very facinating field of research and can be utilized 
for investigating problems in various applied and non-applied 
fields. 
Thin layers are prepared by spreading an uniform film 
(0.15-2.0 mm) of soil slurry over a glass plate with the help 
of an applicator and allowing it to stand over night for drying. 
The organic or inorganic compound, under investigation with 
soil, is spotted above 2 cm from the bottom of the plate so that 
the mobile phase level in the closed Jar may always remains 
about 1cm. below the spots. 
The thin layer chromatograms are then developed to a 
distance of 10cm from the spoted compound. The plates are then 
dried and the compounds or ions are then detected by spraying 
a suitable chemical as colouring agent or detector. 
The height of chromatogram is dependent upon the 
adsorption affinity of the corresponding component and the 
width is proportional to the quantity of the loaded substance. 
The movement in terms of Rf-values can be calculated as 
distance travelled by solute 
Rf = 
distance travelled bv solvent. 
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Soil thin layer chromatographic method have been 
successfully utilized by Singhal and Singh (1977 b) for the 
mobility of trace elements, Singhal et al. (1978 b) for the 
mobility of ammino acids, Khan et al (1982) for the mobility 
of heavy metals, Khan, et al. (1985) for the effect of organic 
acids and bases on the heavy metals mobility and Khan and 
Khan (1986) for the mobility of Organophosphorus insecticides 
in soils as affected by some soil parameters. 
The results, as revealed by the above investigations 
clearly, helped in understanding the behaviour of the organic 
and inorganic substances in soil solution of varied nature. This 
has also helped in understanding the reaction mechanisms 
involved in their interaction and translocation through soils. 
THE PROBLEM 
The problem of the thesis which deals with the 
"Interaction of Organic Pollutants and Fly Ash with Soils and 
Crops" has been divided in to seven parts. 
Part-I: General introduction ,covering a survey of present and past 
literature on soil, mineral matters, soil organic matter, soil 
water, soil air. soil organism, physico-chemical properties of 
soil, soils of india, soils of Aligarh district, plant nutrients, 
pesticides, microbial activities in soils, soil pollution, fly 
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ash and soil thin layer chromatography for the build up 
of a sound back ground to undertake some useful 
investigations in the field of soil chemistry. 
Part-II: Mobility of trace metals as affected by chemical fertilizers 
in soils amended with some phenolic compounds. 
Part-Ill: Mobility of heavy metals as affected by some insecticides 
through soils saturated with different cations. 
Part-IV: Effect of some phenolic compounds and pesticides on the 
growth and nutrient concentration of Gram (Cicer 
arietinum), Lentil (Lens esculenta) and Linseed (Linum 
asitatissimum) plants. 
Part-V: Effect of some pesticides on the growth, development and 
nutrient concentration of Wheat (Triticum aestivum) plant. 
Part-VI: Effect of Fly-ash on physico-chemical properties and 
nutrient status of soil. 
Part-VII: Effect of Fly-ash on the growth, development and metal 
ioni uptake by Pigeon-pea (Cajanus cajan), Black-gram 
(Phaseolus mungo) and Okra (Abelmoschus esculentus) 
plants. 
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MOBILITY OF TRACE METALS AS 
AFFECTED BY CHEMICAL FERTILIZERS 
IN SOILS AMENDED WITH SOME 
PHENOLIC COMPOUNDS 
MOBILITY OF TRACE METALS AS 
AFFECTED BY CHEMICAL FERTILIZERS 
IN SOILS AMENDED WITH SOME 
PHENOLIC COMPOUNDS 
INTRODUCTION 
Phenolic compounds are known to exist in soils 
derived from either living or dead tissue^of a variety of 
plant species (Jameson, 1970; Harrison, 1971). There is 
also evidence for the production of phenolic acids during 
the decomposition of crop residue in soil (Morita, 1975; 
Raina and Goswami, 1988) and as a result of microbial 
synthesis from soil organic matter (Martin et al. 1972). 
However, the quantity and the quality of the phenolics 
produced depend upon the nature of soil organic matter, 
physico-chemical properties and the type of microbes 
present in soil. In view of the phytotoxic effects of 
phenolic compounds on seed germination (Kaminsky, 1980) 
and the influence of heavy metals on the plant growth 
(Khan and Khan, 1983) as well as their inhibitory effect 
on bioactivity in soils (Larry and George, 1981). It was 
considered worth while to study the role of some of these 
compounds on the mobility of trace metals which has 
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become a subject of considerable importance and debate 
(Khan et al. 1982; Khan et al. 1991). This chapter is also 
an attempt to assess their availability for tackling the 
pollutional problems for plant growth and their role in 
bioactivity processess in soils in presence and absence of 
chemical fertilizers. 
E X P E R I M E N T A L 
A surface soil sample (0-30 cm) of Aerie Halaquept 
(Hi rapur fine sandy loam) was co l lec ted from the 
* 
representative area of Aligarh district (U.P.) and^used in 
these investigation. The soil was crushed, air dried, passed 
through a 100 mesh (B.S.S.) sieve to get an uniform particle 
size. The physico-chemical properties were made on the 
following lines: 
DETERMINATION OF MECHANICAL COMPOSITION: 
The mechanical composition of the soil sample was 
determined by International pipette method (Piper, 1950) in 
which 10 gm of the soil sample, previously passed through 
a 7 mesh (B.S.S.) sieve were dispersed in water after 
treatment with 30% H202 and 0.2N HC1 using 50 ml sodium 
oxalate (8 gm/litre) as dispersing agent. The percentage of 
coarse, medium and fine sand were calculated from the 
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weight of the residues left behind on 25, 72 and 200 mesh 
(B.S.S.) sieves. The suspension was diluted to 500 ml and 
transferred to a graduated boiling tube which was immersed 
in a constant temperature water bath at 25 +1°C throughout 
the course of pipetting. 10 C.C. samples were pipetted out 
carefully in a petridish at specified intervals (4 mins. 15 
s e c , 7 hrs 5 minuts ) time from a depth of 10 cm, dried 
in an oven maintain at 105°C and weighed. The percentage 
of medium silt, coarse/and clay were then calculated from 
the weight of residues. The percentage of coarse silt was 
calculated by subtracting the sum of the percentage of all 
the fractions as given above from hundred. The results are 
recorded in table-I. 
DETERMINATION OF p H : 
The pH of the soil was recorded with Elico pH meter 
model Li-10 with glass and saturated calomel electrodes 
assembly. A 1:2.5 soil:Water ratio was used for measuring 
the pH of the soil . The pH is recorded in table - I. 
DETERMINATION OF ORGANIC MATTER : 
The organinc matter of the soil was estimated by using 
method of Walkley and Black, (1947). 
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REAGENTS REQUIRED : 
i) Potassium dichromate : Aqueous solution of 1 N. 
ii) Cone, sulphuric acid. 
iii) Orthophosphoric acid, 85%. 
iv) Diphenylamine indicator : Ethanolic solution of 1% 
v) Ferrous ammonium sulphate.Aqueous solution of N/2. 
PROCEDURE : 
Ay2 gm of soil was taken in 500 ml conical flask, 10 
ml of 1 N Potassium dichromate solution and 20 ml of 
concentrated sulphuric acid were added to it. The flask was 
shaken vigorously several times and allowed to stand for 
30 minutes and thereafter 200 ml of distilled water, 10 ml 
of or thophosphoric acid and 1 ml of diphenylamine 
indicator were added to the flask. The excess of unreacted 
potassium dichromate was titrated against standard N/2 
ferrous ammonium sulphate solution till the violet colour 
change to a purple and finally to green. Reagents blank 
determination was also carried out in the same way. From 
the volume of dichromate solution used for oxidation 
process, the organic carbon was calculated by using the 
expression : 
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(Blank titre-Actual titre)x 0.003xN/2 x 100 
Organic Carbon= 
( % ) Weight of dry soil in gm. 
Where N/2 is the concentration of ferrous ammonium 
sulphate. The value of organic carbon was converted to 
organic matter by multiplying with the factor 1.724. The 
% of organic matter is recorded in table - I. 
DETERMINATION OF CATION EXCHANGE CAPACITY: 
Cation exchange capacity was determined by the 
method of Jackson, (1958). 
REAGENTS REQUIRED : 
i) Hydrochloric acid 0.05 N 
ii) Sodium acetate (pH5), IN 
iii) EDTA solution 
iv) Eriochrome Black "T" : Ethanolic solution 1 % 
v) Buffer solution (pHIO) 
vi) Sodium cyanide solution : Aqueous solution of 2 % 
PROCEDURE : 
&5 gm soil sampU was taken in a 100 ml conical flask 
and the soluble salts were washed out by treating the soil 
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with 0.05N HC1 and finally with distilled water. It was 
further treated with 1 N sodium acetate of pH-5 for 30 
minutes with intermittent stirring . This treated sample was 
given five washings with 1 N standard calcium chloride 
solution. The excess salt was removed by washing with 80% 
aquous acetone solution until the excess CaCl2 is removed, 
as indicated by a negative AgN0 3 test for chloride ion in 
the final washing. The calcium ions were exchanged from 
Ca saturated soils by means of exchanging it with a neutral 
1 N sodium acetate solution. The washings were collected 
and utilized in the determination of exchanged Ca2+ by 
t i trating it with a standard EDTA solution, using 10 ml 
of the NH4C1-NH40H buffer of pH-10 and eriochrome black 
"T7' indicator with 1 ml of 2% NaCN solution as masking 
agent for interfering ions. 
A reagent blank was also run simultaneously to avoid 
any error due to impurities. The blank readings were 
subtracted from the readings of calcium determination. 
From the volume of the EDTA used, the values of cation 
exchange capacity was calculated using the expression : 
V X N X 100 
Cation Exchange Capacity • meq 100 gm'soil 
(CEC) Weight of the soil in gm. 
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Where, V in the volume of EDTA, N is the normality 
of EDTA solution used. The cation exchange capacity of 
soil is recorded in table - I. 
DETERMINATION OF EXCHANGEABLE CATIONS : 
^A\ 50 gm air dried soil
 vsampl^ was taken into a 250 
ml conical flask and ^ 1 0 0 ml of 1 N NH.OAC was added 
a 
to it. The content of the flask was shaken for 20 minutes 
and allowed to stand over night. The soil contents were 
then trnasferred into a buckner funnel , in which a moist 
Whatman filter paper No.42 had been seated by a gentle 
suction. The soil was leached with an additional 400 ml of 
NH4OAC. The filtrate containing NH4OAG extract of the 
soil was evaporated to dryness on a steam plate. The dark 
colour residue containing organic matter was treated with 
2 ml of 30% H202 and 2ml of 6N HN03 and heated to 
dryness on a steam plate. The dried organic matter free 
residue was then dissolved in 10 ml of 6N HC1 and diluted 
with distil led water. It was filtered through Whatman filter 
paper No.42and the volume was made upto 100 ml. This 
solution was used in the determination of exchangeable Ca, 
Mg, Na and K in soi l . Exchangeable calcium plus 
magnesium was estimated in the 10 ml of above solution 
by EDTA titration byy using a half test tube buffer solution 
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(pH-10) and 4-5 drops of eriochrome black "T" indicator. 
Calcium was also estimated separatly by using mureoxide 
indicator with 10% KOH as recommended by Jackson 
(1958). The volume of EDTA for magnisium was calculated 
by subtracting the volume for calcium from the volume of 
calcium plus magnesium used. 
The exchangeable sodium and potassium were 
estimated in the above solution by using "Systronicks" 
flame photometer. Standard curves (Fig. 5) ^ sodium and 
h 
potassium were used for calculating the amounts of Na and 
K in the above soil solution. The amount of exchangeable 
Ca:~, Mg :+, Na" and K" are recorded in table-I. 
D E T E R M I N A T I O N OF MOBILITY (Rf-value) OF 
T R A C E METALS BY SOIL THIN LAYER 
CHROMATOGRAPHY: 
Mobili t ies of trace metals in terms of Rf-values in 
soil were made as discussed below. 
APPARATUS AND REAGENTS REQUIRED: 
A TLC applicator with adjustable thickness, uniform 
glass plates (20\4cm), glass Jars, glass sprayer, 100 mesh 
sieve (B.S.S.) . 
i) Trace metal solutions :- For preparing 100 ml of 0.1 
71 
M solution, requisite amountAof metal nitrate in case 
of Chromium, Copper, Nickel and Silver, where as 
sulphate for Iron were dissolved in distil led water. 
ii) Potassium ferrocyanide :- Aqueous solution of 0.5 % 
0 •>'/• 
iii) Dimethylglyoxim^.- Alcoholic (ethyl alcohol) solut ion, 
A ^ 
0 a 
iv) Haematoxylene :-j^Alcoholic (ethyl alcohol) solution 
of 0.5~°/T 
Potassi um chromates/ :-/Aqueou 
Aqueous so lu t ion , , of vi) Chemical fertilizers :-
(NH4)2 S04 , KC1, CO(NH,) 2 and (NH4)3 P 0 4 was made 
by taking 30 mg l"1 (ppm) in each case. ^ ^ ^ \
 H p j 
All the chemicals were (BDH) A.R. Grade. 
PREPARATION OF PLATES : 
For using thin layer chromatography, a large number 
of clean glass plates (20x4cm) were taken. The soil was 
„g<L^ *Ij3i— uiTU passed through a 100 mesh sieve to get a 
uniform particle size. The soil was slurried in distilled 
water containing varying amounts (0, 5, 10, 15 and 20 mg 
100 gm ' soil) of the phenolic compounds viz. m-cresol, 
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phenol, resorcinol and pyragallol. The amended soil was 
thoroughly mixed so as to get a homogenous mixture in each 
case. The amended soil slurry was then applied on glass 
plates (20x4 cm) with the help of an applicator to make 
a uniform layer of 0.5 mm thickness. The plates were air 
dried at room temperature 30 + 3*c. Two lines were scribed 
at 4 and 14 cm from the base on all the plates so as to 
allow a running distance of 10 cm for the study. 
APPLICATION OF SAMPLE AND DEVELOPMENT 
OF PLATES : 
A 0.006 ml aqueous solution of respective (0.1M) 
trace metal was applied on the base line of TLC plate in 
a single application with the help of a microjpipette. The 
plates were then developed with an aqueous solution 
without and with 30 ppm of the chemical fertilizers i.e. 
(NH4)2S04 , KCl, CO(NH2), and (NH4)3P04 y Mpto the upper 
line on the plates in a closed glass jars by ascending 
chromatography. To prevent disintegration of soil in contact 
with water, wet strips of filter paper (about 2.5 cm wide) 
were wrapped around the bottom of the plate before the 
development. 
DRYING AND DETECTION OF CHROMATOGRAMS : 
The developed p l a t e s were air dried at room 
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temperature, visualization of heavy metals were detected by 
spraying an aqueous solution of 0.5 % of potassium 
ferrocyanide to detect Fe(green) and Cu (brick red); 0.5 % 
alcoholic dimethylglyoxime for Ni (bright red); 0.5 % (W/ 
V) ethanolic solution of haematoxyline for Cr (bright 
yellow) and 0.1 M aqueous solution of potassium chromate 
for Ag (brick red) spot. 
"T 
M E A S U R E M E N T O F Rf-VALUES : 
The frontal Rf-valuejs (mobility) was measured by the 
relation : / 
Frontal distance moved by the metal 
Rf-Value = 
Frontal distance moved by the developer 
RESULTS AND D I S C U S S I O N 
Fig. 6 (table-II) shows that the heavy metali* mobility 
on alkaline soil (pH >8.8) is greater at lower doses (0 to 
10 mg 100 gm'so i l ) of phenolic compounds and thereafter, 
they tend to decline in all cases. The movement of the metal 
ions follows the order Cr >Fe >Cu > Ni > Ag which are 
in the decreasing order of the size of their hydrated ions 
( table-I l l ) . This trend is most likely siBaaee as the metal ions 
in alkaline conditions exist in their hydrated forms which 
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TABLE - II 
MOBILITY OF SOME HEAVY METALS THROUGH SOILS 
AMENDED WITH VARYING LEVELS OF PHENOLIC COMPOUNDS 
(WITHOUT CHEMICAL FERTILIZERS) 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
Cone. 
0.0 
0.50 
0.45 
0.40 
0.20 
0.05 
Rf- Values 
of Phenolic Compounds added (m 
5.0 10.0 
m-Cresol 
0.83 0.87 
0.65 0.72 
0.70 0.60 
0.45 0.42 
0.10 0.08 
g 100 g m 1 
15.0 
0.75 
0.67 
0.55 
0.40 
0.07 
soi l ) 
20.0 
0.67 
0.60 
0.53 
0.28 
0.09 
Phenol 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.77 
0.67 
0.58 
0.40 
0.10 
0.80 
0.65 
0.62 
0.38 
0.10 
Resorcinol 
0.75 
0.68 
0.55 
0.35 
0.12 
0.77 
0.60 
0.58 
0.28 
0.07 
0.65 
0.57 
0.47 
0.30 
0.07 
0.65 
0.55 
0.51 
0.25 
0.08 
0.62 
0.48 
0.45 
0.25 
0.07 
0.55 
0.43 
0.40 
0.20 
0.07 
Pyragallol 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.70 
0.60 
0.55 
0.30 
0.10 
0.65 
0.62 
0.45 
0.25 
0.06 , 
0.55 
0.52 
0.35 
0.18 
0.05 
0.45 
0.50 
0.32 
0.14 
0.05 
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TABLE - III 
SOME CHARACTERISTICS OF HEAVY METALS AND 
CHEMICAL FERTILIZERS 
Heavy metah 
ion 
Chromium 
Iron 
Copper 
Nickel 
Silver 
s * Hydrated ion 
size parameter 
11.10 
8.08 
6.03 
3.36 
2.30 
* Freiser and Fernando (1966) 
** Weast, R.C. (1986) 
Fertilizers 
(NH4)2S04 
KCI 
CO(NH2)2 
(NH4)3P04 
-
** Solubility in 
gm 100m I 1 water 
at 25°C. 
70.6 
34.4 
Very soluble 
26.1 
-
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have less tendency to bmd_avje*ythe exchangeable sites of 
the soil surface/" due tc r lhe i res ize (increased 
The greater movement of ions at lower addit ion^of 
phenolic compounds can be explained on the basis of the 
following mechanism. The phenolic compounds remain less 
ionized at their lower concentrations and have a tendency 
to be adsorbed unionized on the exchangeable sites through 
H-bonding (Stephen, 1982) as, 
H 
/ 
0 
\ / 
O H / 
Thus, the interact ion of the hydrated metal ions 
(Schnitzer and Ghosh, 1982) having the structures M(H, 
0)x"n (where n = Valency and x=number of water molecules) 
inhibited over the already blocked exchangeable sites 
of the soil colloids. However, the decrease in the movement 
of the metal ion at their higher concentration is due to the 
formation of p h e n o x i d e ions and the i r subsequen t 
adsorption either through H - bonding or Vander Waals 
forces over soil colloids resulting in the creation of more 
negative sites of the phenoxide capable of binding the +ve 
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TABLE - IV 
CHARACTERISTICS OF PHENOLIC COMPOUNDS AND MOBILITY 
OF HEAVY METALS IN PHENOLIC SYSTEMS 
Phenolic Structural pK i-values Maximum Rf-values with 
Compounds formula phenolics (5-1 Omg 100gm1 Soil) 
Cr Fe Cu Ni Ag 
m - C re sol 
Phenol 
OH J 
10.08 
CH, 
OH 
J 
9.98 
OH 
0.87 0.72 0.70 0.45 0.10 
0.80 0.67 0.62 0.40 0.10 
Resorcinoi 
Pyragallol 
OH 
A 
f A 
^ 
v OH 
^OH 
" O H 
9.48 
9.44 
0.77 0.68 0.58 0.35 0.12 
0.70 0.62 0.55 0.30 0.10 
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charged metal ions. The binding strength of these metal 
ions is expected to increase with the increase of the 
phenolic compound concentration in soil . The highest 
mobility in case of m-cresol is due to presence of methyl 
group (+1 effect) at the meta position in the benzene ring 
that has greater influence on the phenolic group to be less 
ion ized and becomes incapab le of p roduc ing more 
phenoxide ions in making the systems less absorptive. Thus, 
in m-cresol soil systems, the metal ion mobility is the 
highest. However, the possibility of formation of phenoxide 
ions in the phenolic compounds may also be governed by 
the number of -OH groups as well as their ionizing 
tendencies, , tfc?rf is indicated by the reverse order of their 
increasing pKa values (table-IV) being m-cresol >phenol > 
resorc ino l > pyraga l lo l . Thus , the c rea t ion of the 
increasingly negative charged absorptive sites due to the 
absorption of phenolic compounds containing phenoxide 
ions follow the order, pyragallol > resorcinol > phenol. 
Thus, the metal ion / mobility have resulted in the reverse 
order of their absorptive power created by the number of 
phenoxy ions and follow the m o b i l i t y order, m-
c reso l>pheno l> resorc inol> p y r a g a l l o l 4-a phenol ic 
compounds-amended*soil systems. 
Fig. 7 (table-V-VIll) shows the increased mobility of 
80 
o 
> • -
tr 
(NH4)2So4 KCl Co(NH2)2 
m-Cresol 
(NH^)3Po4 
Phenol 
Resorcinol 
PyrQgallol 
5 10 15 20 0 5 10 16 20 0 5 10 15 20 0 5 10 15 20 
Cone of Phenolic Compounds ( mg/100 gm Soil) 
Fig 7. Mobility of heavy metals as effected by 30 ppm chemical 
•fertilizers through phenolic compounds amended soil. 
(Cr, -*- , F e , - o - , Cu, -X- , N i , - * - ; A g , - & - ) 
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TABLE-V 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm) ON THE 
MOBILITY OF SOME HEAVY METALS THROUGH SOILS 
AMENDED WITH VARYING LEVELS OF m-CRESOL 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
0.0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
Cone, of m 
5.0 
Rf-Values 
-cresol added (mg 
10.0 
Ammonimum sulphate 
0.89 
0.75 
0.79 
0.50 
0.10 
Potassium 
0.87 
0.80 
0.75 
0.45 
0.10 
0.85 
0.72 
0.75 
0.45 
0.10 
0.85 
0.80 
0.75 
0.40 
0.10 
chloride 
0.87 
0.80 
0.70 
0.50 
0.10 
Urea 
Ammonium 
0.80 
0.75 
0.72 
0.43 
0.08 
0.85 
0.80 
0.75 
0.50 
0.10 
phosphate 
0.82 
0.80 
0.74 
0.47 
0.12 
100 gnr1 
15.0 
0.75 
0.80 
0.60 
0.35 
0.10 
0.75 
0.60 
0.55 
0.45 
0.10 
0.75 
0.70 
0.60 
0.40 
0.14 
0.78 
0.70 
0.55 
0.34 
0.05 
soil) 
20.0 
0.65 
0.60 
0.55 
0.30 
0.11 
0.65 
0.50 
0.35 
0.40 
0.10 
0.55 
0.60 
0.45 
0.20 
0.10 
0.65 
0.50 
0.35 
0.25 
0.07 
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TABLE - VI 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm) ON THE MOBILITY 
OF SOME HEAVY METALS THROUGH SOILS AMENDED WITH 
VARYING LEVELS OF PHENOL 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
0.0 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
Rf-Values 
Cone, of Phenol added (mg 
5.0 10.0 
Ammonium sulphate 
0.85 
0.73 
0.65 
0.40 
0.10 
Potass 
0.83 
0.75 
0.63 
0.38 
0.10 
0.82 
0.74 
0.63 
0.40 
0.10 
0.87 
0.80 
0.65 
0.40 
0.10 
iium chloride 
0.85 
0.80 
0.60 
0.42 
0.10 
Urea 
0.75 
0.71 
0.64 
0.45 
0.10 
Ammonium phosphate 
0.80 
0.72 
0.60 
0.40 
0.11 
0.80 
0.72 
0.60 
0.43 
0.10 
100 gnr1 soil) 
15.0 
0.75 
0.70 
0.45 
0.35 
0.08 
0.65 
0.70 
0.55 
0.30 
0.10 
0.65 
0.60 
0.54 
0.40 
0.08 
0.65 
0.60 
0.45 
0.34 
0.08 
20.0 
0.45 
0.55 
0.35 
0.30 
0.10 
0.55 
0.50 
0.45 
0.24 
0.10 
0.45 
0.50 
0.40 
0.20 
0.09 
0.43 
0.45 
0.40 
0.28 
0.08 
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TABLE - VII 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm) ON THE MOBILITY 
OF SOME HEAVY METALS THROUGH SOILS AMENDED WITH 
VARYING LEVELS OF RESORCINOL 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
0.0 
0.50 
0.45 
0.40 
0.20 
0.05 
Cone 
Rf-Values 
. of Resorcinol added (mg 
5.0 10.0 
Ammonium sulphate 
0.88 
0.75 
0.60 
0.40 
0.08 
0.85 
0.80 
0.70 
0.49 
0.10 
100 gnr1 
15.0 
0.75 
0.65 
0.60 
0.35 
0.10 
soil) 
20.0 
0.55 
0.45 
0.45 
0.35 
0.11 
Potassium chloride 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.85 
0.74 
0.58 
0.37 
0.10 
0.80 
0.75 
0.67 
0.40 
0.08 
0.70 
0.65 
0.58 
0.40 
0.10 
0.57 
0.60 
0.53 
0.37 
0.12 
Urea 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.83 
0.70 
0.60 
0.40 
0.10 
Ammonium 
0.79 
0.70 
0.60 
0.37 
0.10 
0.80 
0.73 
0.62 
0.42 
0.13 
phosphate 
0.81 
0.65 
0.60 
0.37 
0.11 
0.65 
0.55 
0.50 
0.35 
0.12 
0.60 
0.55 
0.45 
0.27 
0.08 
0.50 
0.30 
0.35 
0.25 
0.10 
0.45 
0.30 
0.35 
0.20 
0.07 
S4 
TABLE-VIII 
EFFECT OF CHEMICAL FERTILIZERS (30 ppm) ON THE MOBILITY 
OF SOME HEAVY METALS THROUGH SOILS AMENDED WITH 
VARYING LEVELS OF PYRAGALLOL 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Ag 
0.0 
0.50 
0.45 
0.40 
0.20 
0.05 
Rf- Values 
Cone, of Pyragallol added (mg 
5.0 10.0 
Ammonium sulphate 
0.80 0.85 
0.75 0.80 
0.60 0.69 
0.35 0.30 
0.12 0.13 
100 gnr1 
15.0 
0.65 
0.70 
0.60 
0.20 
0.09 
soil) 
20.0 
0.60 
0.55 
0.50 
0.20 
0.10 
Potassium chloride 
Cr 
Fe 
Cu 
Ni 
Ag 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.50 
0.45 
0.40 
0.20 
0.05 
0.80 
0.65 
0.59 
0.30 
0.12 
0.72 
0.67 
0.59 
0.30 
0.10 
0.81 
0.73 
0.65 
0.37 
0.12 
Urea 
0.80 
0.70 
0.65 
0.35 
0.12 
0.75 
0.60 
0.55 
0.30 
0.08 
0.67 
0.63 
0.55 
0.25 
0.07 
0.60 
0.58 
0.45 
0.23 
0.07 
0.60 
0.64 
0.45 
0.20 
0.09 
Ammonium phosphate 
Cr 
Fe 
Cu 
Ni 
Ag 
0.50 
0.45 
0.40 
0.20 
0.05 
0.75 
0.63 
0.60 
0.32 
0.12 
0.75 
0.65 
0.55 
0.30 
0.07 
0.65 
0.55 
0.45 
0.20 
0.07 
0.55 
0.35 
0.41 
0.10 
0.08 
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the heavy metals by aqueous solution of 30 ppm of chemical 
fertilizers such as (NH4)2S04 , KCl,CO(NH2), and (NH4)3 P0 4 
used as a mobile phase (developer) in soil amended with 
phenolic compounds. It has been observed that the added 
fertilizers cause greater mobilization of the metal ions 
through soil in most cases. These results can be explained 
on the basis of various chemical fertilizers in aqueous 
solution may be either dissolved or decomposed as, 
1) KC1 > K+ + CI: 
ii) NH^ CONH2+3H20—> 2NH + 4 +20H+C0 2 
111) (NH4), S04 > 2NH4++S04 2" 
iv) (NH4)3 P0 4 > 3NH+4+P043-
The K+ and NH4+ ions thus produced have greater 
binding tendencies over the exchangeable sites of the soil 
colloids as compared to the phenolic compounds at their 
lower doses and are capable of blocking the exchangeable 
sites. Thus, this cause -a reduced chance of negative sites 
increase due to the presence of phenoxidej* in the soil 
systems resulting in making the soil system less adsorptive 
wU-a providing favourable condit ion^ for the grea ter 
movement of trace metal ions. However, with the increasing 
doses of phenolic compounds the capacity for replacing K+ 
86 
or NH+4 ions and capability for their subsequent adsorption 
have played a dominant role in making the system more 
adsorptive due to the induction of phenoxide ions capable 
of binding the metal ions and thus become less mobile. It 
has been observed that the enhancement in mobility of the 
metal ions due to the chemical fertilizers follow the order 
(NH4)2S04 > KCl >CO(NH2)2 > (NH4)3P04 which is in 
accordance with their combined effect of dissociation 
constant and solubility ( table-Il l) in water. 
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CHAPTER -II 
MOBILITY OF HEAVY METALS AS 
AFFECTED BY SOME INSECTICIDES 
THROUGH SOILS SATURATED WITH 
DIFFERENT CATIONS 
MOBILITY OF HEAVY METALS AS 
AFFECTED BY SOME INSECTICIDES 
THROUGH SOILS SATURATED WITH 
DIFFERENT CATIONS 
INTRODUCTION 
The direct use of sewage sluge, industrial wastes and 
wastewater to agricultural land as a source of plant nutrients 
has aroused serious concern since they contain many toxic heavy 
metals along with some useful plant nutrient elements (Page, 
1974; Williams et al. 1980; Silviera and Sommers, 1977; Lund 
et ai. 1976; Soon and Bates, 1982). A variety of heavy metals 
e.g. Cr and Ni and even the nutrient metals e.g. Fe and Cu was 
found to pose phytotoxic behaviour over a certain concentration 
and hinder the microbial activity in soils (Zibilske and Wagner, 
1982). The toxic heavy metals also found to create problems 
in the nutrients utilization by plants (Khan and Khan, 1983). 
However, their availability and effectiveness is largely 
governed by a number of factors such as A nature and extent 
of clay minerals, nature of saturating cations, pH, organic matter 
and other organic compounds etc. in soils (Martin, 1972). The 
extensive use of poisonous organic chemicals such as pesticides 
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for controlling various pests and pest-born diseases etc. for 
getting higher yield, has also aroused concern of pollution 
hazards in agriculture. However, their specific role in the 
translocation of heavy metals used as micronutrients as well 
as toxic elements through soils as influenced by certain 
insecticides has yet not been attempted so far but remained an 
important subject of discussion and debate (Khan et al. 1982; 
Khan and Khan 1986; Khan et al. 1985) indecent past. It 
provides asignificant and useful information needed for 
controlling the pollution problems and their availability to 
plants. It was, therefore, considered worthwhile to study the role 
of certain insecticides, namely, endosulfan, dichlorvos and 
monocrotophos in the mobilization process of certain heavy 
metals through soils saturated with different cations. 
EXPERIMENTAL 
The soil used in these investigations was an illitic fine 
sandy loam (depth 0-30 cm) collected from the University Farm 
of Aligarh district. The soil sample was dried, crushed and 
sieved through a 100 mesh sieve (B.S.S.). The physico-chemical 
properties were determined by the standard methods as described 
in chapter -I of this thesis and the results are recorded in table-
I of chapter -I. 
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The soil was saturated with different cations viz. Na+, K+, 
Mg2+ and Ca2+ by treating it with their respective (0.1M) 
chloride salt solution and the mixture was equilibrated over 
night with occasional shaking and then filtered, washed with 
distilled water until the effluent was free from chloride ions (-
ve AgNo3 test). 
DETERMINATION OF Rf-VALUES BY SOIL THIN 
LAYER CHROMATOGRAPHY: 
The mobility of heavy metals in terms of their Rf-values 
through soil was determined by soil thin layer chromatography 
(T.L.C.) as follows: 
APPARATUS AND REAGENTS REQUIRED: 
A T.L.C. applicator with adjustable thickness, uniform 
glass plates (4x20 cm), glass chambers (Jars of 25 x 10 cm size) 
with covers, glass sprayer and 100 mesh (BSS) sieve. 
i) Trace Metal Solutions : £AJ_00 ml (0.1 M ^ t o c k solution 
of each trace metalss were prepared by dissolving their 
/-<-• / A 
respective salts & chloride^in case of Cr,+, Cu-+ and Ni2+ 
and sulphate for Fe2+ in a 100 mlAflask with distilled 
water. A small quantity of dilute H,S04 was also added 
to check the hydrolysis in case of FeS04 solution. These 
solutions were stored in a^air tight bottles for further use. 
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ii) Potassium ferrocyanide: Aqueous solution of 1.0% (W/V). 
£> 
iii) Dimethylaglyoxim: Alcohalic (ethyl alcohol) solution of 
0.1% (W/V). ^ 
iv) Haematoxylene. Alcoholic (ethyl alcohol) solution of 
0.1% (W/V). 
v) Insecticides solution. The solution was made by taking 
their active ingredients of 10, 20, 30, and 40 mg L l in 
alcohal: water (1:10) and used as a developer. 
PREPARATION OF PLATES 
For the measurement of Rf-values, the soil sample was 
grounded and passed through a 100 mesh sieve (BSS) to get a 
uniform particle size. The soil saturated with different cations 
(Na+,K+,Mg2+ and Ca2+) was slurried in distilled water and coated 
on clean glass plates (20 x 4 cm) with the help of a conventional 
T.L.C. applicator to give a uniform layer of 0.5 mm thickness. 
The plates were then air dried at room temperature 30+3°C. Two 
line were scribed at 4 and 14 cm from the base so that a 10 
cm distance could be used for development in all cases. 
APPLICATION OF SAMPLE AND DEVELOPMENT OF 
PLATES 
A 0.006 ml aqueous solution of respective (0.1 M) trace 
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metals was applied on the base line of TLC soil coated plate 
in a single application with the help of micropipette. The air 
dried plates were then developed with varying* concentration; 
(0.0, 10.0, 20.0, 30.0 and 40 ppm in 1:10 alcohol water ratio) 
of endosulfan, dichlorvos and monocrotophos used as developer 
until the mobile phase had moved a distance of 10 cm. To 
prevent disintegration of soil in contact with water, wet strips 
of filter paper (about 2.5 cm wide) were wrapped around the 
bottom of the plate before the development. 
DRYING AND DETECTION OF CHROMATOGRAMS 
The developed plates were air dried at room temperature 
30+3°C and visualization of trace metals were detected by 
spraying an aqueous solution of 1% potassium ferrocyanide to 
detect Fe (green) and Cu (Brick red) 0.1% alcoholic 
dimethylglyoxime for Ni (Bright red)^0.1% (W/V) ethanolic 
solution of haematoxyline for Cr (Bright Yellow) spot. 
MEASUREMENT OF Rf-VALUES 
The mobility in terms of Rf-values were calculated by 
using relationship. 
1
 (
 R L + R T
 ] 
Rf-values = ( j 
10 2 
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where, 
(RL+RT)/2 is the average of leading and tailing distance from 
the base line. 
RESULTS AND DISCUSSION 
Fig. 8 (table-IX-XI) shows that the mobility of heavy 
metals in soils saturated with different cations follow.the order/ 
Cr> Fe> Cu> Ni i.e. in the order of their hydrated ion size 
parameter being 11.10, 8.08, 6.03 and 3.36 respectively. This 
trend can be explained as the soil (pH 8.8) in which the metal 
ions are expected to remain in their hydrated form (Schnitzer 
and Ghosh, 1982) M(H20)xn+(n = valency and x = no. of water 
***** flt->vJ-
molecule surrounding the metal ions)^capable of interacting with 
lesser force of interaction as the size increases. The influence 
of insecticides will be discussed on the basis of their molecular 
structure being as given under: 
C H , O x O C H 3 0 N 9 CI 
/?-\ y > P - O - C = C ' 
CH,0 ^ C = C CH30 H Cl, 
CH, CNHCH,, dichlorvos 
monocrotophos 0 
ci y 
Cl-C I C H N. 
II ecu I ^s=o C 1
-
c \ '^\5! 
N ( T / H \ C O 
Cl H 
endosulfan 
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No- soil K - soil Mg - soil Co - soil 
Endosulfon 
Monocrolophos 
0 10 20 30 <*0 0 10 20 30 kO 0 10 20 30 kO 0 10 20 30 UO 
Concent ra t ion of pesticides ( ppnr. ; — * ~ 
ig 8: Mobility of heavy metals through soil saturated with 
different cations as affected by some insecticides 
( C$-A ; Fe,- 1 ; Cu.- O ; M t . « ) 
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TABLE -IX 
EFFECT OF ENDOSULFAN ON THE MOBILITY OF 
SOME HEAVY METALS THROUGH SOILS 
SATURATED WITH DIFFERENT CATIONS 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
0.0 
0.52 
0.38 
0.27 
0.20 
0.45 
0.35 
0.25 
0.16 
0.25 
0.20 
0.18 
0.14 
0.22 
0.17 
0.15 
0.10 
Concentrati 
10.0 
Na-
0.65 
0.55 
0.50 
0.35 
Rf-Values 
on of Endosulfan (ppm) 
20.0 
Soil 
0.58 
0.62 
0.41 
0.25 
K-Soil 
0.55 
0.52 
0.40 
0.28 
M g 
0.40 
0.34 
0.31 
0.18 
Ca-
0.35 
0.29 
0.21 
0.15 
0.60 
0.28 
0.38 
0.20 
-Soil 
0.45 
0.39 
0.25 
0.14 
Soil 
0.40 
0.23 
0.23 
0.14 
30.0 
0.44 
0.30 
0.34 
0.20 
0.40 
0.21 
0.26 
0.18 
0.15 
0.25 
0.19 
0.12 
0.25 
0.12 
0.18 
0.14 
40.0 
0.31 
0.19 
0.26 
0.17 
0.25 
0.22 
0.20 
0.14 
0.12 
0.18 
0.12 
0.10 
0.20 
0.10 
0.15 
0.12 
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TABLE -X 
EFFECT OF DICHLORVOS ON THE MOBILITY OF 
SOME HEAVY METALS THROUGH SOILS 
SATURATED WITH DIFFERENT CATIONS 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
0.0 
0.52 
0.38 
0.27 
0.20 
0.45 
0.35 
0.25 
0.16 
0.25 
0.20 
0.18 
0.14 
0.22 
0.17 
0.15 
0.10 
Concentrat 
10.0 
Na-
0.62 
0.47 
0.50 
0.31 
Rf-Values 
ion of Dichlorvos (ppm) 
20.0 
Soil 
0.60 
0.38 
0.33 
0.29 
K-Soil 
0.55 
0.43 
0.38 
0.26 
Mg 
0.40 
0.45 
0.28 
0.20 
Ca-
0.40 
0.30 
0.25 
0.15 
0.45 
0.49 
0.35 
0.19 
-Soil 
0.35 
0.40 
0.21 
0.16 
Soil 
0.25 
0.20 
0.15 
0.17 
30.0 
0.35 
0.25 
0.28 
0.20 
0.35 
0.35 
0.22 
0.15 
0.20 
0.15 
0.19 
0.12 
0.20 
0.15 
0.12 
0.13 
40.0 
0.25 
0.18 
0.30 
0.10 
0.25 
0.25 
0.18 
0.13 
0.15 
0.17 
0.15 
0.12 
0.12 
0.12 
0.10 
0.15 
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TABLE -XI 
EFFECT OF MO^OCROTOPHOS ON THE 
MOBILITY OF SOME H^AVY METALS THROUGH 
SOILS SATURATED WITH DIFFERENT CATIONS 
Heavy 
metals 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
Cr 
Fe 
Cu 
Ni 
0.0 
0.52 
0.38 
0.27 
0.20 
0.45 
0.35 
0.25 
0.16 
0.25 
0.20 
0.18 
0.14 
0.22 
0.17 
0.15 
0.10 
Concentrat 
10.0 
Na-
0.60 
0.48 
0.45 
0.31 
Rf-Values 
on Monocrotophos (ppm) 
20.0 
Soil 
0.50 
0.35 
0.26 
0.30 
K-Soil 
0.55 
0.49 
0.32 
0.25 
Mg 
0.36 
0.40 
0.26 
0.20 
Ca-
0.35 
0.29 
0.22 
0.16 
0.60 
0.30 
0.25 
0.18 
-Soil 
0.22 
0.40 
0.25 
0.20 
Soil 
0.37 
0.20 
0.15 
0.12 
30.0 
0.35 
0.22 
0.19 
0.26 
0.30 
0.20 
0.25 
0.13 
0.13 
0.17 
0.20 
0.15 
0.20 
0.18 
0.14 
0.10 
40.0 
0.15 
0.20 
0.15 
0.18 
0.15 
0.16 
0.20 
0.12 
0.13 
0.18 
0.20 
0.10 
0.14 
0.20 
0.10 
0.10 
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The endosulfan containing six chlorine atoms in the side 
ring is capable of electron withdrawing (-1 effect), resulting the 
oxygen atom attached with the sulphur to become more polar 
as compared to the oxygen attached with P in dichlorvos, which 
contains only two chlorine atoms. The reactivity of the oxygen 
atoms attached with phosphorus and carbon in monocrotophos 
is greatly reduced due to the presence of two electron releasing 
methoxy (CH30-) groups due to +1 effect. Further more, the 
reactivity of oxygen atom present in -C-NHCH3 is further 
o 
reduced by the presence of -NHCH3 biy being hydrophobic group 
as well as stearic hindrance. Thus, monocrotophos remains least 
r-
polar with a little capability of interacting with soil colloids. 
Their adsorption tendency follow the order endosulfan > 
dichlorvos > monocrotophos. The greater mobility of the heavy 
metals at lower concentration of these insecticides in all cases 
can be explained on the basis of blockage of adsorptive sites 
by these compounds. Thus, facilitating the heavy metal ions to 
move at a faster rate. The decrease in mobility of heavy metal 
ions at higher doses of insecticide application may be 
considered due to the creation of some new adsorptive sites by 
the adsorbed molecules (Khan et al. 1988; Khan and Khan, 
1986) capable of retaining the metal ions over> soils/ surface^. 
The mobility sequence of heavy metal ions in various soil 
systems follow the order Na-soil > K-soil > Mg-soil > Ca-soil. 
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This may be due to the activity and preference of the various 
metal ions to remain on the exchangeable sites with greater 
stability (Zunino and Martin, 1977; Shukla et al. 1980). 
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CHAPTER-III 
EFFECT OF SOME PHENOLIC 
COMPOUNDS AND PESTICIDES ON THE 
GROWTH AND NUTRIENT 
CONCENTRATION OF GRAM (Cicer 
arietinum), LENTIL (Lens esculenta) 
AND LINSEED (Linum usitatissimum) 
PLANTS 
EFFECT OF SOME PHENOLIC 
COMPOUNDS AND PESTICIDES ON 
THE GROWTH AND NUTRIENT 
CONCENTRATION OF GRAM (Cicer 
arietinum), LENTIL (Lens esculenta) 
AND LINSEED (Linum usitatissimum) 
PLANTS 
I N T R O D U C T I O N 
A part icular concern has been generated over the 
possibility of some phytotoxic behaviour of certain 
organic compounds either produced as degradation 
product or used as pesticides in soils. The presence of 
such compounds a/e found to affect the plant growth 
(Kusano and Ogata, 1974; Singhal and Singh, 1974). The 
phenolic compounds exhibit some toxici ty with respect to 
plants in different ways. At their lower concentrat ions , 
they inhibit the phosphorylation and break the chain of 
reactions forming the phosphate adenosine di-and t r i -
phosphate rich in energy. While at higher concentrat ions 
in plants , they inhibit respiration and precipitate 
proteins. However, the selectivity of phenols and their 
related compounds is due to the physiological and 
biochemical features of plants (Gruzdyev, 1983). The use 
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of pesticides is also reported to cause a significant 
change in soil nutr ients and plant growth (Mart in, 1972; 
Cole et al. 1968) and affect the biological activity 
through variations! in microbial populat ions . In view of 
the phytotoxic role played by toxic organic chemicals , it 
was considered worth while to investigate*! the effect of 
certain phenolic compounds such as m-cresol , phenol, 
resorcinol and pyragallol on Gram (Cicer arietinum); and 
of pesticides such as monocrotophos, dichlorvos and 
endorsulfan over Lentil (Lens esculenta) and Linseed 
(Linum usitatissimum) plants so as to assess their 
behaviour in regards to the optimum tolerance limit for 
the healthy growth and nutr ient canffentra-frran of certain 
pulses and oil seed plants for maximising their 
production and to avoid the risk of pollutional problems 
caused by these compounds. 
E X P E R I M E N T A L 
The soil sample (0-30cm) of Aerie Halaquept 
(Hirapur fine sandy loam) was collected from the 
representative area ot Aligarh district (U.P.) 2tmA used in 
\S . . k 
the&a. investigation. The physico-chemical propert ies of 
the soil iis given in chapter - I ( table-I) of this thesis . 
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For pot e x p e r i m e n t s , one kg soil *atos. mixed with 
v a r y i n g q u a n t i t i e s of phenol ic c o m p o u n d s and pes t i c ides 
jaA4r tia^en in the ea r then w a^p "^ po t s , coa t ed with coal tar 
to avo id the abso rp t ion of n u t r i e n t s . F ive levels of 
p h e n o l i c c o m p o u n d s such as m-c reso l ( M a ) , phenol ( P h ) , 
r e s o r c i n o l (Re ) and pyragal lo l (Py) c o n t a i n i n g •with-
O(con t ro l ) , 0 . 2 5 , 0 .50 , 0.75 and 1.00 mg kg"1 soil and six 
l eve l s of p e s t i c i d e s such as rnonocro tophos ( M o ) , 
d i c h l o r v o s (Di ) and endosul fan (En) con t a in ing \Htih 
O(con t ro l ) , 5 .0 , 10.0 , 15.0, 20 ,0 , and 25 .0 mg kg"1 soil 
were t h o r o u g h l y mixed and t aken in each pot in 3 
r e p l i c a t i o n s . The po ts were s to red in a g lass house 
m a i n t a i n e d at 25 + 3°C by t ak ing care to r egu la t e the 
m o i s t u r e c o n t e n t of the soil to about 6 0 % of i ts water 
ho ld ing c a p a c i t y by adding d i s t i l l ed wa te r whenever 
n e c e s s a r y . Out of the cer t i f ied seeds of Gram (T-27 ) , 
Lent i l ( T - 4 4 ) and Linseed (T -397 ) p r o c u r e d from the 
A g r i c u l t u r a l farm of Al igarh d i s t r i c t , F ive seed / were 
sown in each pot con ta in ing amended so i l s aaBk u l t imate ly 
tJrgy- we_Efr t h i n n e d to one plant per pot *a«dr al lowed to 
grow for a pe r iod of 90 days Kef pre thzu—were 
p h o t o g r a p h e d and taken for ana lys i s J^* us ing the me thod / ' 
M Tandon ( 1 9 9 3 ) . 
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One gm of the air dried and grounded plant sample 
was digested with 10ml of acid mixture containing H N 0 3 : 
HCIO (4.1) . The digestion mixture was heated on a hot 
plate till brown fume* cease* and converted to a syrupy 
liquid along with some white fumes. It was dissolved in 
5ml HCl (Cone.) H»n diluted with dist i l led water sSSA 
filtered and adjusted to a_ALab»me=^rf 50ml in each case . 
The solutions obtained were used for the estimation of 
plant nutr ients . The N a ^ K , - wji* est imated by us ing 
"Systronicks"' flame photome:er. The amount of Na and 
K was calculated h.y u.stn-ff-the s tandard curves (Fig. 5) 
give in chapter I. The amount of Ca plus Mg w m f 
est imated by versenate (EDTA) t i t rat ion us ing^buffer 
sjalu4+errr (pH-10) and eriochrome black-T indicator. 
Whi le^ the amount of Ca was est imated by EDTA t i t ra t ion 
Jp*f using mureoxide ind ica to r s by u«+R-g—nio-th-od—of 
J ackson„ (1958 ) ; The amount of Mg was daaen calculated 
by subtracting, the volume of EDTA used for Ca from 
the volume & Ca + Mg. The amount of P wjit© est imated A. 
by spec t rophotomet ry procedure at 470 nm by u^TttTg the 
method j(gSfe Chopra, (1979) in which Vanadomolybdate 
solution was used as colouring agent. The amount of P 
was calculated from the standard curve (Fig.9) prepared 
-±^*using KH2P04 ^ s t a n d a r d solut ian fef P. The amount 
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of Cu was es t imated by G.B.C. 902 double beam a tomic 
a b s o r p t i o n s p e c t r o p h o t o m e t e r . / / ^ - ^ £ J . 
The effect of pheno l ic c o m p o u n d s on the g rowth and 
d e v e l r p m e n t of Gram (F ig . 1 0 - 1 3 ; is recored in tab le -
XII and the i r nu t r i en t c o n c e n t r a t i o n is given in tab le -
XI I I The effect of p e s t i c i d e s on the g rowth and 
d e v e l o p m e n t of Lenti l (F ig . 14 & 15) and Linseed (F ig . 
16 & 17) p lan ts are given in table XIV and XV and the i r 
n u t r i e n t concen t r a t i ons are r eco rded in tab le XVI and 
X V I I . 
RESULTS AND DISCUSSION 
The effect of phenol ic c o m p o u n d s on the g rowth and 
n u t r i e n t con ten t of Gram plant shows ( table XII & X I I I ) 
a b e n e f i c i a l effect at th-eTT lower dosesAip to 0 .25mg Kg" 
\ N 
!
 soil) fix r egards to the growth of shoot h e i g h t , root 
l e n g t h , shoot weight and number of leaves ror Gram p lan t 
grown in soi ls amended with m - c r e s o l , phenol , r e so rc ino l 
and pyraga l lo l . While the ge rmina t ion is r e t a r t ed 
t h r o u g h o u t the ent i re r ange offtheiff amendmen t s wi th 
CA~J~ <*-f^\&; cJv 
r e s p e c t to control . The benef ic ia l effect up to th is l e v e l / 
tfJt . . . k 
may be cons idered as th-e-i-r t o l e r ance limit tor the p lan t 
beyond which they) become tox i c . The tox ic i ty o rder 
be ing m-creso l> phenol> reso rc ino l> pyraga l lo l as 
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TABLE - XII 
EFFECT OF SOME PHENOLIC COMPOUNDS ON 
THE GROWTH AND DEVELOPMENT OF GRAM 
(Cicer arietinum) PLANT 
Observations 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant 
No.of leaves/plant 
Germination (%) 
Doses (m 
0.0 
m-Creso 
29.0 
14.0 
) 11.0 
31.0 
92.0 
Phenol 
29.0 
14.0 
) 11.0 
31.0 
92.0 
0.25 
1 
37.0 
17.0 
14.0 
41.0 
81.0 
38.0 
17.0 
13.0 
38.0 
86.0 
Resorc inol 
29.0 
14.0 
) 11.0 
31.0 
92.0 
43.0 
20.0 
15.0 
g Kg1 S 
0.50 
35.0 
17.0 
13.0 
38.0 
74.0 
36.0 
20.0 
16.0 
40.0 
79.0 
38.0 
18.0 
13.0 
40.036.0 
85.0 
Pyraga l lo l 
29.0 
14.0 
) 11.0 
31.0 
92.0 
45.0 
19.0 
17.0 
44.0 
90.0 
80.0 
35.0 
20.0 
14.0 
35.0 
89.0 
oil) 
0.75 
28.0 
15.0 
10.0 
29.0 
69.0 
31.0 
15.0 
12.0 
30.0 
74.0 
32.0 
15.0 
11.0 
28.0 
75.0 
30.0 
18.0 
12.0 
30.0 
85.0 
1.00 
20.0 
12.0 
8.0 
22.0 
66.0 
23.0 
14.0 
9.0 
20.0 
71.0 
18.0 
13.0 
10.0 
17.0 
68.0 
20.0 
12.0 
11.0 
20.0 
81.0 
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TABLE - XIII 
EFFECT OF SOME PHENOLIC COMPOUNDS ON 
THE NUTRIENT CONCENTRATION OF GRAM 
(Cicer arietinum) PLANT 
Treatments 
Ma, 
Ma, 
Ma, 
Ma4 
Ma, 
P h
, 
Ph2 
Ph, 
P h 4 
Ph5 
Re, 
Re, 
Re, 
Re4 
Re5 
py, 
Py, 
Py, 
p y 4 
Py, 
Na 
0.47 
0.52 
0.50 
0.47 
0.41 
0.47 
0.80 
0.82 
0.70 
0.50 
0.47 
0.77 
0.95 
0.72 
0.70 
0.47 
0.52 
1.00 
0.85 
0.55 
Nutrient 
K 
1.22 
1.30 
1.15 
1.20 
1.10 
1.22 
1.25 
1.62 
1.15 
0.90 
1.21 
1.60 
1.70 
1.56 
1.55 
1.22 
1.07 
1.50 
0.95 
0.92 
% 
Ca 
Concentrati 
Mg 
m-cresol 
1.00 
1.10 
0.90 
0.60 
0.60 
0.90 
0.72 
1.62 
2.14 
2.14 
Phenol 
1.00 
1.20 
1.00 
0.80 
0.80 
0.90 
1.20 
2.88 
1.08 
1.20 
Resorcinol 
1.00 
0.80 
0.80 
0.60 
0.60 
0.89 
1.70 
1.44 
1.26 
0.90 
Pyragallol 
1.00 
0.90 
1.00 
0.70 
0.60 
0.88 
2.10 
0.96 
0.78 
0.72 
on 
PP 
P 
50.0 
100.0 
150.0 
100.0 
50.0 
50.0 
100.0 
150.0 
50.0 
50.0 
50.0 
150.0 
150.0 
100.0 
100.0 
50.0 
150.0 
100.0 
100.0 
100.0 
m 
Cu 
10.0 
15.0 
15.0 
10.0 
05.0 
10.0 
15.0 
15.0 
10.0 
05.0 
10.0 
15.0 
20.0 
10.0 
10.0 
10.0 
20.0 
20.0 
05.0 
05.0 
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evident from the growth and d e v e l o p m e n t da ta of Gram 
{Cicer arietinum) p lant . At the lower level the p h e n o l i c 
compounds migh t get adsorbed <XSL&* soil p a r t i c l e s in thete 
molecu la r form wi thou t -fcfe&r i on i za t i on th rough H-
bond ing ( S t e p h e n , 1982). Thus , the i r t o x i c effect is 
min imum. H o w e v e r , at h igher l eve l s , they are e x p e c t e d 
to remain in t he i r ion ized form c o n t a i n i n g g r e a t e r no. of 
-vely cha r ged p h e n o x i d e ions that are i n h i b i t e d for t f e s r 
adso rp t ion JO>W the -vely charged e x c h a n g e a b l e s i t es of 
t"fe-e-soil co l lo id s . Thus , their p r e sence in free s ta te migh t 
have c r e a t e d p rob lems in the adso rp t i on of p lant 
n u t r i e n t s as i nd ica t e / by their phy to tox i c b e h a v i o u r on 
plant g r o w t h (F ig . 10-13) . The r e t a r d a t i o n in p lan t 
growth and d e v e l o p m e n t can also be a t t r i b u t e d /£w the 
abso rp t ion of p lan t nu t r i en t s - o v e r l y the adso rbed 
molecu le s of the phenol ic compounds c o n t a i n i n g some 
phenox ide ions at the higher levels o f / the i r a m e n d m e n t s . 
The plant g r o w t h and development p a t t e r n as i n d i c a t e d 
by e x p e r i m e n t a l f ind ings may also be due to the pos s ib l e 
act ive role p layed by the soil m i c r o b e s t h rough H»o*r 
r-ij^s^rv^rm^aJ^rn b iodeg rada t ion of SOM in r e l e a s i n g the 
plant n u t r i e n t s at th&ts lower n o n - t o x i c l e v e f ^ b e y o n d 
which m a k i n g them inact ive at h igher c o n c e n t r a t i o n s . 
The i nh ib i t o ry t rend on seed ge rmina t ion by pheno l i c 
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FIG. 10 : EFFECT OF PHENOLIC COMPOUNDS ON THE GROWTH 
AND DEVELOPMENT OF GRAM (Cicer arietinum) SHOOTS. 
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FIG. 11 : EFFECT OF PHENOLIC COMPOUNDS ON THE GROWTH 
AND DEVELOPMENT OF GRAM (Cicer arietinum) SHOOTS. 

rt 
compounds is in the order of the previous work reported 
by Kaminsky (1980). It has also been reported that 
phenol acts as a contect herbicides ' and adversely affect 
the normal functioning of the plant growth and 
resp i ra t ion . 
For the effect of insect icides namely, 
/ p - ° \ ¥ >-o-c=c/ 
CH30 JZ = C CH30 H Cl, 
CH3 CNHCH,, dichlorvos 
monocrotophos O 
ci q 
C l - C ^C H N . 
II cc i j ^s=o 
C l - C I X. H 
CI k 
endosulfan 
On the growth and nutrient concentration of Lentil 
and Linseed plants , it is evident from the result (Fig. 14-
17) and \ t k ^ t a b l e XIV - XVII that the phytotoxicity 
follow the order endosulfan> dichlorvs> monocrotophos 
which is likely to be governed by the number of active 
Cl atoms in the molecules. The increase in growth and 
nutr ient concentration at lower doses (5 mg Kg"1 soil) 
may be at t r ibuted to their non toxic tolerance limit. At 
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TABLE - XIV 
EFFECT OF SOME PESTICIDES ON THE GROWTH 
AND DEVELOPMENT OF LENTIL 
(Lens esculenta) PLANT 
Observations Doses (mg Kg'1 Soil) 
0.0 5.0 10.0 15.0 20.0 25.0 
Monocrotophos 
Shoot height (cm) 22.0 30.0 27.0 25.0 20.0 16.0 
Root length (cm) 13.0 16.0 14.0 12.0 11.0 11.0 
Shoot weight (gm/plant) 3.5 4.0 3.8 3.1 3.0 2.9 
No.of leaves/plant 95.0 160.0 130.0 99.0 85.0 60.0 
Germination (%) 90.0 85.0 77.0 70.0 68.0 62.0 
Dichlorvos 
Shoot height (cm) 22.0 32.0 28.0 22.0 23.0 15.0 
Root length (cm) 13.5 15.0 14.0 11.0 10.0 10.0 
Shoot weight (gm/plant) 3.5 4.5 3.8 3.0 2.5 2.4 
No.of leaves/plant 95.0 195.0 130.0 90.0 85.0 59.0 
Germination (%) 90.0 85.0 77.0 65.0 60.0 60.0 
Endosulfan 
Shoot height (cm) 22.0 29.0 25.0 22.0 20.0 15.0 
Root length (cm) 13.5 15.0 15.0 12.0 11.0 9.0 
Shoot weight (gm/plant) 3.5 3.8 3.6 3.1 2.5 2.5 
No.of leaves/plant 95.0 140.0 110.0 82.0 80.0 60.0 
Germination (%) 90.0 82.0 70.0 59.0 56.0 55.0 
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EFFECT OF PESTICIDES ON THE GROWTH AND 
DEVELOPMENT OF LENTIL (Lens esculenta) ROOTS. 
TABLE - XV 
EFFECT OF SOME PESTICIDES ON THE GROWTH 
AND DEVELOPMENT OF LINSEED 
(Linum usitatissimum) PLANT 
Observations Doses (mg Kg 1 Soil) 
0.0 5.0 10.0 15.0 20.0 25.0 
Monocrotophos 
Shoot height (cm) 30.0 40.0 32.0 
Root length (cm) 11.0 16.0 14.0 
Shoot weight (gm/plant) 6.0 8.0 7.0 
No.of leaves/plant 250.0 360.0 340.0 
Germination (%) 96.0 90.0 83.0 
Dichlorvos 
Shoot height (cm) 30.0 38.0 32.0 
Root length (cm) 11.0 15.0 15.0 
Shoot weight (gm/plant) 6.0 7.0 7.0 
No.of leaves/plant 250.0 340.0 320.0 
Germination (%) 96.0 91.0 85.0 
29.0 25.0 22.0 
12.0 11.0 7.0 
5.5 4.0 3.5 
270.0 250.0 150.0 
75.0 70.0 65.0 
28.0 25.0 22.0 
11.0 11.0 6.0 
4.0 4.0 3.5 
250.0 225.0 120.0 
72.0 71.0 68.0 
Endosulfan 
Shoot height (cm) 30.0 35.0 
Root length (cm) 11.0 14.0 
Shoot weight (gm/plant) 6.0 6.0 
No.of leaves/plant 
Germination (%) 
250.0 300.0 
96.0 99.0 
32.0 28.0 24.0 20.0 
12.0 12.0 11.0 9.0 
7.0 4.0 3.0 3.0 
270.0 270.0 225.0 170.0 
85.0 75.0 72.0 65.0 
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FIG. 16 : EFFECT OF PESTICIDES ON THE GROWTH AND 
DEVELOPMENT OF LINSEED (Linum usitatissimum) SHOOTS. 
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17 : EFFECT OF PESTICIDES ON THE GROWTH AND 
DEVELOPMENT OF LINSEED (Linum usitatissimum) ROOT 
TABLE - XVI 
E F F E C T OF SOME PESTICIDES ON THE 
NUTRIENT CONCENTRATION OF LENTIL 
(Lens esculenta) PLANT 
Treatments 
Nutrient Concentration 
% 
Na K Ca Mg 
PPm 
Cu 
Mo, 
Mo2 
Mo, 
Mo4 
Mo,. 
Mo, 
Di , 
D i , 
Di5 
Di 
En, 
En. 
En; 
En. 
En. 
En, 
1.70 
1.70 
1.72 
1.85 
1.75 
1.50 
1.70 
1.72 
1.55 
1.10 
1.05 
0.80 
1.70 
1.80 
1.70 
1.70 
1.65 
1.40 
Monocrotophos 
0.85 
1.30 
1.80 
0.97 
0.95 
0.85 
] 
0.85 
0.97 
1.00 
0.92 
0.95 
0.75 
2.60 
3.70 
2.50 
1.60 
1.10 
0.70 
2.64 
2.22 
2.52 
2.52 
1.92 
1.50 
Dichlorvos 
2.60 
0.90 
1.90 
1.20 
1.20 
1.00 
Endosu 
0.85 
1.20 
1.10 
1.06 
1.05 
0.97 
2.60 
1.30 
1.60 
2.80 
2.00 
1.60 
2.40 
4.50 
2.52 
2.12 
1.44 
0.90 
Ifan 
2.44 
2.82 
1.92 
1.20 
1.44 
1.44 
40.0 
50.0 
45.0 
45.0 
40.0 
30.0 
45.0 
75.0 
50.0 
50.0 
35.0 
35.0 
50.0 
60.0 
40.0 
35.0 
35.0 
25.0 
15.0 
20.0 
15.0 
15.0 
10.0 
10.0 
15.0 
25.0 
40.0 
20.0 
15.0 
10.0 
10.0 
15.0 
15.0 
15.0 
10.0 
10.0 
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TABLE - XVII 
EFFECT OF SOME PESTICIDES ON THE 
NUTRIENT CONCENTRATION OF LINSEED 
(Linum usitatissimum) PLANT 
Treatments 
Mo, 
Mo, 
Mo3 
Mo4 
Mo5 
Mo, 
0 
Di, 
Di, 
Di 3 
Di4 
Di, 
Di„ 
En, 
En, 
En, 
En4 
En, 
En 
0 
Na 
1.50 
1.70 
1.80 
1.72 
1.65 
1.60 
1.50 
1.85 
1.85 
1.70 
1.62 
1.51 
1.50 
1.72 
1.85 
1.55 
1.40 
1.40 
Nutrient 
K 
% 
Ca 
Concentration 
Mg 
Monocrotophos 
1.05 
1.15 
1.40 
0.95 
0.90 
0.85 
1.05 
1.30 
1.35 
1.15 
1.00 
0.90 
1 
1.05 
1.24 
1.10 
1.10 
1.05 
1.00 
1.30 
1.60 
1.70 
1.10 
1.00 
0.70 
1.98 
2.16 
1.08 
1.96 
1.16 
1.10 
Dichlorvos 
1.30 
1.70 
1.20 
0.90 
0.90 
0.80 
ilndosi 
1.30 
2.40 
1.70 
2.00 
1.40 
1.50 
2.00 
2.22 
2.28 
1.98 
1.90 
1.20 
il fan 
2.00 
2.54 
2.60 
2.10 
1.80 
1.00 
PP 
P 
45.0 
55.0 
80.0 
55.0 
35.0 
35.0 
45.0 
50.0 
50.0 
35.0 
25.0 
20.0 
45.0 
45.0 
50.0 
40.0 
35.0 
20.0 
m 
Cu 
10.0 
10.0 
15.0 
15.0 
10.0 
5.0 
10.0 
15.0 
15.0 
10.0 
10.0 
5.0 
10.0 
20.0 
15.0 
10.0 
10.0 
5.0 
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hig-h-er l e v e l - g r e a t e r than 5mg Kg"1 soi l , an i n h i b i t o r y 
t r end in r ega rds to the g r o w t h and nu t r i en t u t i l i z a t i on is 
n o t i c e d . The r e t a r d a t i o n in the growth and n u t r i e n t s 
c o n c e n t r a t i o n of Lent i l and Linseed p l an t s could be 
a44ii^trtend-due to the effect of pe s t i c i de s on soil m ic rob i a l 
s t a t u s (Khan et al. 1987; S ingha l at al. 1976a; S ingha l 
et al. 1976b; Singhal et al. 1975) which in turn in f luence 
p l an t growth th rough c h a n g e s in popu la t ion of 
Azotobocter, Rhizobium, Celllulolytic m i c r o o r g a n i s m s 
and p h o s p h a t e s so lub i l i z i ng / d i s so lv ing m i c r o o r g a n i s m s 
w h i c h de te rmine soil fe r t i l i ty (Kanwar and G r e w a l , 
1990) . It might also be r.e-g-a*d#d due to the c h a n g i n g 
in the number of nodu les and la t te ra l roo t s on roo t s 
of n o d u l e s legumes and effect of mycor rh i za l symbiosis 
in p l a n t s and also c h a n g e s in the q u a n t i t a t i v e s p e c i e s 
of severa l m ic roo rgan i sms in soil which d i s tu rb the 
mic rob ia l equi l ibr ium and a l t r a t ions in n i t rogen b a l a n c e 
in soil by changes in the g rowth an ac t iv i ty of n i t r i fy ing 
b a c t e r i a namely Nitrosomonas and Nitrobacter wi th the 
i n t e r f e r e n c e of the ammoni f ica t ion p r o c e s s e s in soi l . 
However , more work is needed to expla in these p o i n t s . 
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CHAPTER-lV 
EFFECT OF SOME PESTICIDES ON THE 
GROWTH, DEVELOPMENT AND NUTRIENT 
CONCENTRATION OF WHEAT (Triticum 
aestivum) PLANT 
EFFECT OF SOME PESTICIDES ON 
THE GROWTH, DEVELOPMENT AND 
NUTRIENT CONCENTRATION OF 
WHEAT (Triticum aestivum) PLANT 
I N T R O D U C T I O N 
The use of pesticides, for controlling pest and pest borne 
diseases is on increase in Indian Agriculture for achieving 
higher growth rate of food stuffs. The use of Isoproturon and 
2,4-D and their mixture are reported for their effective 
utilization as weedicides (Panwar et al. 1975; Wedding , 
1959) for controlling various weeds in wheat and other crops. 
On the other hand, Mancozeb and Thiram are used as 
fungicides for controlling fungal diseases. However, the 
effectiveness of such chemicals for controlling various 
diseases in plants grown on various soils dependent on various 
factors such as types of plants and also to the physico-
chemical behaviour of the soils such as soil texture , nature 
and extent of clay minerals, organic matter, pH, temperature, 
humidity, nature and extent of soluble salts and exchangeable 
cations as well askypes and extent of soil microbes etc. 
(Upchurch and Manson, 1962; Frissel and Bolt, 1962; 
Solov'eve et al. 1977; Hance, 1969; Hance, 1980; Kurlekar 
and Khuspe, 1984). The indiscriminate use of such pesticidal 
128 
chemicals are attended with pollutional hazards as they may 
cause damage to the useful soil microorganisms responsible 
for the maintenance of soil fertility (Leelavathy, 1969; Ranga 
Rao et al. 1972; Kandasamy and Prasad, 1976; Parr, 1974; 
Audus, 1970) and have also found to create some hinderance 
in the proper utilization of plant nutrients and inturn cause 
retardation in plant^ growth (Martin, 1972; Martin et al. 
1953; Cole et al. 1968; Sheets and Harris, 1965). In the event 
of aflittle information available about these pesticides in 
literature, this work was undertaken with a view to assess the 
role of Isoproturon, 2.4-D, Mancozeb and Thiram in regards 
to the growth, development and nutrient uptake by wheat 
(Triticumfaestivum) which is the main cereal crop in India. 
EXPERIMENTAL 
The soil sample (0-30 cm) of Hirapur fine sandy loam 
was collected from the Aligarh University farm and used in 
these investigations. The physico-chemical properties of the 
soil is ' given in chapter-I (table-I) of this thesis. 
For pot experiments, varying quantities;A0(control), 50.0, 
100.0, 200.0 and 400.0 mg kg"1 soil of Isoproturon (Is), 2,4-
D(D), Mancozeb (Ma) and Thiram (Th) were thoroughly 
mixed with one kg soil and taken in seperate pots in three 
replications. They were designated as Is0, Is,, Is, , Is, and 
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Is4 for Isoproturon; D0, D,, D2, D3 and D4 for 2,4-D; Ma0, 
Ma,, Ma2, Ma, and Ma4 for Mancozeb and Th0, ThJ5 Th2, Th3 
and Th4 for Thiram respectively. The pots were stored in a 
glass house maintained at 25±3° C by taking care to regulate 
the moisture content (level) of the soil to about 60% of its 
water holding capacity by adding distilled water whenever 
necessary. 
A wheat variety RR-21 was shown at the rate of ten 
Cv- S/i 
seeds per pot and vt&r& thinned and allowed to grow for a 
period of 60 days. The fresh weight of shoots and dry matter 
yield arc per plant were recorded in (table-XVIII & XIX) and 
taken for analysis by using the methodi«gf Tandon (1993). 
One gram of the air dried and grounded plant sample 
was digested with 10 ml of acid mixture containing HN0 3 : 
HC104 (4:1). The digestion mixture was heated on a hot plate 
r 
till brnvrri fume rrinnnVnnH converted to a syrupy liquid,afejig 
r~ 
Wiih' Vuiiiu white futtws. It was dissolved in 5ml cone. HC1, 
t-kefr diluted wrth^d*9trtle4» watex_, filtered and adjusted to a 
volume of 50 ml in each case. The solution obtained were used 
for the estimation of plant nutrients. The Na^rK were 
estimated bj^- using "Systronics" flame photometer. The 
amount of Na and K was calculated b\ using the standard 
curves (Fig.5) given in chapter-I. The amount of Ca +Mg w"ETe 
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estimated by versenate (EDTA) titration using a buffer 
se-kHTolT (pH-10) and eriochrome black "T" indicator. The 
amount of Ca was estimated by EDTA titration using 
^ ^y A * W 
mureoxide indicator by u&fc&ft method \^f Jackson (1958). The 
amount of Mg was then calculated by subtracting the volume 
of EDTA used for Ca from the volume oflCa+MgL The amount 
of P was estimated by spectrophotometric procedure at 470 
nm 3ly using Vanadomolybdate solution as colouring agent 
(Chopra, 1979). The amount of P was calculated from the 
in chapter - I I I *%^ 4/vtfugL-
standard curve (Fig.9)\prepared by-H#«*g, KH2P04 » is tandard 
solution -foj^ P. The amount of Cu, Fe, Zn and Mn were 
estimated by G.B.C. 902 double beam atomic absorption 
spectrophotometer. 
The effect of pesticides on the growth and development 
of wheat (Fig. 18-21) is recorded in (table-XVIII & XIX) and 
the&- nutrient^ concentration is given in (table-XX & XXI). 
RESULTS AND DISCUSSION 
The effect of certain pesticides on the growth and 
development of wheat (Fig. 18-21 and table-XVIII & XIX) 
show a beneficial effect at lower doses of fffgSr application 
in soil. The maximum beneficial doses in case of 2,4-D and 
Mancozeb were 50 mg kg"1 soil, for Isoproturon and Thiram 
were 100 mg kg*1 soil as compared to control in wheat crop 
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TABLE-XVIII 
EFFECT OF SOME WEEDICIDES ON THE GROWTH AND 
DEVELOPMENT OF WHEAT (Triticum aestivum) PLANT 
Observations Doses (mg Kg*1 Soil) 
0.0 50.0 100.0 200.0 400.0 
Shoot height (cm) 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
Root length (cm) 
No.of tillers/plant 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
Root length (cm) 
No.of tillers/plant 
No.of leaves/plant 
Germination (%) 
Isoproturon 
43.0 49.0 52.0 42.0 38.0 
13.5 14.1 14.5 13.2 13.0 
4.2 5.5 5.8 4.8 4.1 
5.0 
5.0 
10.0 
88.0 
42.0 
13.5 
7.1 
7.0 
13.0 
90.0 
2,4-D 
58.0 
14.3 
7.3 
8.0 
14.0 
92.0 
56.0 
13.5 
6.1 
5.0 
12.0 
88.0 
44.0 
13.4 
4.9 
3.0 
9.0 
80.0 
40.0 
13.1 
4.2 
5.0 
5.0 
10.0 
88.0 
8.1 6.2 6.8 4.1 
7.6 
8.0 
14.0 
94.0 
6.4 
6.0 
14.0 
90.0 
6.3 
4.0 
12.0 
88.0 
4.4 
4.0 
11.0 
86.0 
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TABLE-XIX 
EFFECT OF SOME FUNGICIDES ON THE GROWTH AND 
DEVELOPMENT OF WHEAT {Triticum aestivum) PLANT 
Observations Doses (mg Kg 1 Soil) 
0.0 50.0 100.0 200.0 400.0 
Shoot height (cm) 
Shoot height (cm) 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
Root length (cm) 
No.of tillers/plant 
No.of leaves/plant 
Germination (%) 
43.0 
Mancozeb 
58.0 57.0 49.0 
43.0 
13.5 
4.2 
5.0 
5.0 
10.0 
88.0 
Thiram 
58.0 
14.6 
5.5 
58.0 
18.9 
6.4 
53.0 
13.6 
5.8 
41.0 
Shoot fresh weight 
(gm/plant) 
Shoot dry weight 
(gm/plant) 
Root length (cm) 
No.of tillers/plant 
No.of leaves/plant 
Germination (%) 
13.5 
4.2 
5.0 
5.0 
10.0 
88.0 
14.5 
6.4 
7.8 
9.0 
18.0 
94.0 
13.5 
6.3 
7.1 
7.0 
16.0 
93.0 
13.5 
5.2 
6.5 
5.0 
14.0 
89.0 
13.3 
4.2 
4.5 
4.0 
13.0 
82.0 
43.0 
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4.1 
8.0 
8.0 
16.0 
94.0 
8.1 
8.0 
20.0 
95.0 
6.1 
5.0 
14.0 
91.0 
4.1 
4.0 
12.0 
91.0 
137 
TABLE-XX 
EFFECT OF SOME WEEDICIDES ON THE NUTRIENTS 
CONCENTRATION OF WHEAT (Triticum aestivum) PLANT 
Trea tmen t s 
Is 
0 
«s, 
l s
2 
'S3 
is. 
Ca 
0.36 
0.39 
0.54 
0.42 
0.30 
N u t r i e n t C o n c e n t r a t 
Mg 
0.54 
0.59 
0.61 
0.60 
0.48 
% 
Na K P 
Isoproturon 
1.35 1.27 
1.57 1.30 
1.90 1.57 
1.62 1.50 
1.21 1.10 
0.12 
0.15 
0.19 
0.12 
0.10 
ion 
Cu 
24.0 
59.0 
82.0 
21.0 
20.0 
Fe 
368.0 
398.0 
399.0 
350.0 
305.0 
ppm 
Zn 
33.0 
52.0 
69.0 
68.0 
30.0 
Mn 
30.0 
52.0 
58.0 
42.0 
31.0 
2,4-D 
D. 
0.36 0.54 1.35 
0.56 0.60 1.88 
0.68 0.66 1.91 
0.44 0.56 1.68 
0.32 0.47 1.20 
1.27 0.12 
1.56 0.19 
1.47 0.17 
1.50 0.14 
1.20 0.12 
24.0 368.0 
63.0 388.0 
58.0 380.0 
22.0 360.0 
21.0 308.0 
33.0 30.0 
68.0 58.0 
57.0 57.0 
67.0 48.0 
34.0 32.0 
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TABLE-XXI 
EFFECT OF SOME FUNGICIDES ON THE NUTRIENTS 
CONCENTRATION OF WHEAT (Triticum aestivum) PLANT 
Trpa tm en ts, 
Ma0 
Ma, 
Ma2 
Ma3 
Ma, 
Ca 
0.36 
0.59 
0.39 
0.28 
0.35 
Nu t r i en t C o n c e n t r a t i o n 
Mg 
0.54 
0.99 
0.98 
0.78 
0.48 
Na 
1.35 
1.72 
1.50 
1.62 
1.23 
% 
K P 
Mancozeb 
1.27 0.12 
1.89 0.28 
1.51 0.21 
1.50 0.19 
1.11 0.14 
Cu 
24.0 
61.0 
33.0 
22.0 
23.0 
Fe 
368.0 
391.0 
382.0 
367.0 
312.0 
ppm 
Zn 
33.0 
69.0 
60.0 
58.0 
29.0 
Mn 
30.0 
59.0 
58.0 
59.0 
25.0 
Thiram 
™0 
Th, 
Th, 
Th3 
Th4 
0.36 
0.67 
0.81 
0.38 
0.30 
0.54 
0.80 
0.84 
0.70 
0.54 
1.35 
1.67 
1.85 
1.85 
1.80 
1.27 
1.61 
1.83 
1.55 
1.12 
0.12 
0.25 
0.27 
0.22 
0.17 
24.0 
37.0 
38.5 
32.0 
28.0 
368.0 
399.0 
552.0 
367.0 
321.0 
33.0 
61.0 
69.0 
54.0 
29.0 
30.0 
51.0 
52.0 
41.0 
26.0 
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and thereafter a phytotoxic behaviour wxtef noticed. The 
beneficial effect of these pesticides may be attributed 3*re to 
their non-toxic levels helpful in enhancing microbial activity 
which inturn (capable of producing greater amounts of 
available plant nutrients in soil (Pathak et al. 1961). The 
phvtotoxic behaviour at higher levels may be due to the 
decrease in the number of populations of active soil microbes 
(Parr, 1974; Smith et al. 1947) as well as the direct toxic 
chemical behaviour of these compounds on plant growth and 
development (Martin, 1972). 
The results (table-XX & XXI) for the effect of 
pesticides indicate that the nutrients uptake by wheat 
(Triticum aestivum) p+jsnt is dependent on the nature of 
nutrients anoVon the doses of the chemicals applied in soil. 
The maximum levels of nutrients uptake could be achieved 
with a dose of 50 mg kg'1 soil h* 2,4-D forjatihzation of K, 
P. Cu. Fe, Zn and Mn and by mancozeb for Ca, Mg, Na, K, 
P, Cu, Fe, Zn and Mn. On the other hand, Isoproturon and 
Thiram indicated a greated absorption of all the nutrients and 
2.4-D for Ca. Mg. and Na upto a level of their lOOmg kg"! 
1
 soil. The inhibitory effect wr nutrients utilizaton could be 
~att«4>ttted' .due to the toxic chemical behaviour to these plants 
as well as t& soil microbes responsible ietf plant nutrition 
(Martin, 1972; Singhal and Singh, 1974) . 
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CHAPTER-V 
EFFECT OF FLY ASH ON PHYSICO-
CHEMICAL PROPERTIES AND NUTRIENT 
STATUS OF SOIL 
EFFECT OF FLY ASH ON PHYSICO-
CHEMICAL PROPERTIES AND NUTRIENT 
STATUS OF SOIL 
I N T R O D U C T I O N 
A large amount of fly ash is released from thermal power 
plants, locomotives and other indust r ies that are based on 
fossil fuels (Rathore et al. 1985; Rehsi , 1981). It has been 
reported (Mishra and Shukla, 1986; Plank, 1974; Andojumpee 
et al. 1986; Adriano et al. 1978) that the fly ash has a great 
potential to be uti l ized as a source of major and micro-
nutrient elements required for healthy plant growth. Fly ash 
is associated with various useful const i tuents such as Ca, Mg, 
Fe, Cu. Zn, Mn, B, S and P along with appreciable amounts 
of toxic heavy metals such as Cr, Pb, Hg, Ni, V, As and Ba 
(Majumdar and Mukharjee, 1983,; Fulekar et al. 1983; 
Dalmau et al. 1990). The toxic heavy metals (aTs^ hinder the 
nutrients utilization by plants (Khan and Khan, 1983) and 
adversely affect the microbial population which inturn governs 
the soil fertility status by way of their greater part icipat ion 
in conversion of their useful const i tuents through the 
processes of nutr ients oxidation, reduct ion, solubil izat ion, 
fixation, nitrification, denitrification and ammonification of 
t n i t r o g e n ^ ^ in soil (Singh et al. 1980; Alexander ,1961; Gray 
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and Wil lams, 1975). Pichtel, (1990) has shown that the 
respi ra t ion and enzymatic activit ies of microbial population 
were typical ly decreased with the increasing amounts of fly 
ash conten ts in soil. Pichtel and Hayes (1990) observed 57, 
80 and 86 percent decrease in bacter ia , actinomycetes and 
fungal populat ions respectively in soils with 20% F.A. 
amendments . However, increase in the population of bacteria 
at lower doses of 5 % F.A amendments were also noticed. 
Elsewi et al, (1980) observed an increase in soil pH. E.C.,Ca, 
Mg, Na, B and SO* - in soil as a result of F.A. amendments . 
However, the availability of P, Zn, Fe and Mn to the plant 
appeared to be diminished by F.A. amendments. The aim of 
the present study was to asses and evolve favourable 
condi t ions for utilizing the F.A. as a source of plant nutr ients 
in agr icul ture without much risk of pollutional problems 
caused j*p its utilization. 
E X P E R I M E N T A L 
THE S O I L 
The soil used in these invest igat ions was Hirapur fine 
sandy loam (depth 0-30 cm) collected from cultivated lands 
of Aligarh District of U.P. (India). The soil samples were air 
dried at room temperature, crushed and sieved through a 100 
mesh sieve (BSS) to obtain a homogeneous particle size. The 
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physico-chemical properties of the soil as determined by the5 
standard methods are described in chapter - I and the results 
are recorded in (table- XXII). 
FLY ASH 
The fly ash (F.A.) 50-100 mesh size was collected from 
the thermal power station. Kasimpur in Aligarh District (U.P.) 
India. The physico-chemical properties of the fly ash 
determined by $0rf standards methods used in soil analysis 
of chapter-I aiuL the Efratrtts are recorded in /table-XXIIL 
A M E N D M E N T S 
A requisite amount of fly ash (0.0 (control ), 2.5, 5.0, 
7
 5. 10.0, 12.5, 15.0 and 30.0 gm Kg'1 soil,\ was added to 
the soil s-ftffl-pie and mixed thoroughly to ensure its 
homogeneous distribution. These treated soil samples were 
placed tn to d-tfferen-t—eaf^hreirwar-e pots ( 15 cm diameter X 
15 cm deep) w-hicji_Ayere p*ecoated internally with coaltar to 
prevent the nutrients absorption. Three replications of each 
treatment w-a£ used. The soil in each of the pot was then 
" i rti rl MI nil ili'itillml w nti l tn ilnnil 60% <£&£& water holding 
K 
capacity (WHC). The pots were kept at 30 ± 1 °C and *t 
constant moisture level(upto 60%) fl^gi was maintained by 
^nid-ing distilled water.wires^^e-essaty. 
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The samples were taken'periodically byjsoil sampler! at 
a regular interval of one week and analyzed for available 
NH+4-N, N02"-N, N03"-N, phosphorus and potassium by the 
following methods. 
D E T E R M I N A T I O N OF AVAILABLE A M M O N I U M 
NITROGEN: ^ ^ V ^ ^ 
Available NH+ 4-N was determined by , Hesse (1979) 
,8*etrrods. ~\ 
REAGENTS 
i) Potassium chloride solution (2 M) :- JC 150 gm KC1 was 
dissolved in 800 ml distilled water and boiled with 10 
gm solid megnesium oxide for about 15 minutes, until 
any ammonia present was expelled. The solution was 
then cooled and filtered before making the final volume. 
ii) Magnesium oxide :- Heavy magnesium oxide was heated 
at 650 °C for two hours in an electric muffle furnace 
and allowed to TL cool in a desicator over solid KOH and 
stored in a tightly stoppered glass bottle. 
ur*v5 
iii) Mix indicator. Mixed indicator solution wefe prepared 
by dissolving i*' 0.1 gm bromocresol green and 0.07 gm 
methyle red in 100 ml of ethanol. 
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iv) Boric acid : Ac 20 gm of boric acid was dissolved in 
900 ml of hot digtillfid water, 20 ml mixed indicator 
solution was added to it, after cooling the solution. Then 
0.1 M NaOH solution was added to it dropwise until the 
colour changed to raddish purple. 
v) M/70 Hydrochloric acid : The standard solution of 
HC1 was diluted to give an exactly M/70 solution. 
PROCEDURE-
^r5 gm each^of-tlre- fly ash amended soil sample* were-
taken in 100 ml glass stoppered conical flasks, /dfc. 50 ml L 
M KC1 solution \acasR added in each flask*. The flasks were 
tbe» shaken for an hour and the soluble contents were 
extracted through Whatman filter paper NO. 42. 
A 10 ml portion from each extracts w#*e- taken in 
J. 
distillation flask and dilute ,with 50ml distilled water. teQ.5 
* . for~ 
gm magnesium oxide was added througrulong-stemmed funnel 
in to the flask. Ammonia jsr distilled in to a solution of-^ggl 
boric acid containing mixed indicator through a cowdcnaor 
until the final volume of the distillate was r-eacfee#-4© about 
30 ml. The boric acid was Cfen titrated with M/70 HC1 
using a micro-burette until the green colour changed to pink. 
A blank was also run in the same way. The available 
148 
ammonium-nitrogen was calculated using the relation. 
1 ml of M/70 HC1 = 0.2 mg of nitrogen. 
DETERMINATION OF NITRITE NITROGEN :-
Nitrite nitrogen were determined as follows : 
REAGENTS : 
i) All the reagents as used in the determination of 
available NH \ - N . ^ 
ii) Devarda's alloy, frn-aliyi ground and passed through a 
0.15 mm sieve, was ^alsri used. 
PROCEDURE 
After distillation of NH+4-N, the stopper of the 
distillation flask was removed and added a 0.2 gm of 
Devarda's alloy and 50 ml distilled water were added. The 
distillation flask was stoppered and ammonia distilled in a 
fresh portion of boric acid solution. About 30 ml of distillate 
was collected in each case and then titrated with M/70 HC1. 
The value ot nitrite nitrogen + nitrate nitrogen w^ &f-e-
calculated in the same manner as described in the 
determination of available ammonium nitrogen and value of 
nitrite-nitrogen were obtained by subtracting the values' of 
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nitrate nitrogen from it. 
DETERMINATION OF NITRATE NITROGEN: 
REAGENTS 
i) All the reagents as used in the determination of nitrite 
nitrogen. 
ii) A 2% solution of sulphamic acid. It was prepared from 
the freshly, recrystallized reagent. 
PROCEDURE 
The experimantal procedure was partly the same as 
described in the determination of ammonium nitrogen. After/ 
_ <^ ^ 
distillation nask was removed and one ml of af 2% aqueous 
solution of sulphamic acid was added. The dkJjJlaiia« flask 
was swirled for a few seconds to destroy the nitrite and then 
0.2 gm Devarda's alloy and 50 ml distilled water were added. 
The distillation flask was stoppered and ammonia distilled in 
a fresh portion of boric acid solution. About 30 ml distillate 
was collected in^each- ca&4 and titrated with M/70 HC1. The 
value of nitrate nitrogen were calculated inTsame manner as 
described in the determination of available ammonium 
nitrogen. 
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D E T E R M I N A T I O N OF AVAILABLE PHOSPHORUS 
Available phosphorus was determined by n3S>if^  Olsen's 
method (1954). 
REAGENTS : 
3 j j&^* ,~ 
i) 0.5 M sodium bicarbonate-of pH - 8.5. 
ii) Darco-G. 60, phosphorus free charcoal. 
iii) Ammonium molybdate solution : 15 gm (NH4)2Mo04 
+ 30 ml cone. HC1 + 650 ml warm distilled water. 
iv) Stannous chloride solution : D*s-srJt>e 10 gm Sncl . 
2H 0 in 25 ml cone. YlC\.J*v.5 ml of this solution was 
h ^ ^ 
diluted with 66 ml of distilled water. 
v) Phosphorus standard^ solutions. 
PROCEDURE 
,^c 5 gm of each of the fly ash ameneded soil samples 
were taken in 150 ml conical flasks and a'xme teaspoon of 
carbon black was added in each case. The samples were then 
treated with 100 ml of extracting solution (0.5M NaHC03 , pH-
8.5VW-8-9—ted4sd. Contents of the flasks were shaken for 30 
minutes on a mechanical shaker and (w*ep) filtered through 
Whatman filter paper No.42. 
151 
V'-)5 ml of the clear extracts were taken in 25 ml 
measuring flasks*^BKl 5 ml of ammonium molybdate,adjd-e<U 
The neck of the flasks wifte washed with distilled water. After 
C_ to otUv dUx p> - Vf|< 
shaking 1 ml of stannous chloride was added and the volume 
'' fu-
made upto the mark. ^Iufi-&e4^m then developed. A blank was 
prepared in the same way. The absorbance of the solutions 
were recorded with Bausch and Lomb spectronic '20 ' at a 
wavelength of 660 u using a red filter .. 
DETERMINATION OF AVAILABLE POTASSIUM ' . 
Available potassium was determined by Jackson_nxfi^ fc©d 
U 1958)/J»y* using "Systronicks" Flamephotometer. The results 
were obtained with the help of standard curve (Fig. 5) for 
K in chapter -I. 
STATISTICAL ANALYSIS 
The experimental data obtained were subjected to 
s-ta-t+s-tteal analysis of variance according to the method 
K 
described by Panse and Sukhatme (1978). The calculations 
were done as follows :-
a) Correction factor (C.E) -
(Grand total of readings)2 
C.F. = 
No. of observations 
152. 
b) The total sum of squares (T.S.S.) : 
T.S.S. = Total of all squares of all reading - C.F. 
c) Sum of squares for weeks (S.S.) :-
S.S. for weeks = Average of the squares of sum of 
reading of the total number of weeks - C.F. 
d) Sum of squares for doses (S.S.) :-
S.S. for doses = Average of the squares of sum reading 
of the total number of doses - C.F. 
e) Sum squares for error (S.S.E.) :-
S.S.E. = T.S.S. - (S.S. for weeks + S.S. for doses) 
f) Mean squares for weeks, doses or error (M.S.): 
S.S. foijfweeks, doses or error 
M.S.(weeks,doses or error) = 
D.F. 
Where D.F = Degree of freedom or number of observations-1 
g) Critical difference (CD.): 
I M.S. for error x 2 
C D . = / = t at 5% 
V D.F. of the weeks or doses 
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The results were subjected to statistical analy^^ at 5 % 
level of significance and CD. values for doses and periods 
(weeks) are given in (Fig. 22). 
RESULTS AND DISCUSSION 
The effect of fly ash (FA) amendments to an alkaline 
(pH-8.5) soil is shown in Fig. 22 (a) and table - XXIII. Soil 
pH decreased from 8.5 to 8.2. It is due to the lower pH (6.65) 
of the fly ash (FA) as well as the acids produced by the 
decomposition of soil organic matter (SOM) through microbial 
activities that increase the hydrogen ion concentration in soil 
and hence a decrease in soil pH. While an increase in soil 
pH with incubation period could be explained on the basis 
of neutralization of H+ by the alkali salts present in soil (pH 
8.5) as well as the solubility of more basic mattalic oxides 
of the FA with the passage of time. These observations are 
in general agreement with the earlier work of Elsewi et al. 
(1980). 
The FA addition in soil significantly increases the 
electrical conductivity Fig. 22 (b) and table - XXIV by 40 
to 50 percent and that/increases with the increasing doses of 
FA.It may be due to the increasing quantity of soluble major 
and micro nutrients along with the toxic heavy metals released 
by the FA to soil. Eary et al. (1990) reviewed the 
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geochemical factors controlling the mobilization of minor and 
major elements from fly ash in soil and suggested that the 
increasing inorganic constituents could rise the electrical 
conductivity of the soil. However, the uniform rise in E.C. 
with the passage of time could not be observed. It increases 
in first week, down fall upto fourth week and then further 
rise throughout the entire range of study was noticed. It seems 
that the interaction of inorganic constituents of FA with soil 
organic matter and their adaptation by microbials under 
changing soil chemical conditions could be a reason for these 
t r e n d i n E.C. 
Fig. 22 (c) and table - XXV shows, the effect of FA 
on the ammonification process in soil. It is observed that the 
availability of NH4+-N increases with increasing amount of fly 
ash from 0 to 7.5 gm Kg"1 soil and then it declines 
significantly. The higher availability of NH4+-N at low rate 
of FA addition could be due to additional substrate (organic 
C) supplied by fly ash resulting with the increased activities 
of ammonifying bacteria such as Rhizobium spp. and 
Azotobacter spp. On the other hand, a decline in NH4+-N 
availability at high rates of FA addition could be attributed 
to the inhibition of microbial activity posed by available toxic 
metals, non-metals, and other ingredients released by the FA. 
With the passage of time, the maximum availability of NH4+-
158 
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v.. 
N a^ tf" attained at the end of the second week /and/thsen a 
significant decrease was noticed. It seems that the microbes 
remain more active on the addition of FA upto this period and 
then their activity begins to decrease, possibly due to the 
reduction of organic substrate and greater toxicity of heavy 
metals released by the solubilizing effect in soil-FA system. 
Fig. 22 (d) and table -XXVI indicates! that the N0 3 -N 
content increases upto a level of 10.0 gm Kg"1 soil beyond 
which it falls. This trend again shows the role of additional 
substrate and toxic metals over soil microbes such as 
Nitrobacter responsible for nitrification in soil. However, 
withipassage of time the trend in the availability of N03"-N 
differs from .NH4+-N. It decreases smoothly throughout the 
/intire period of study probably due to the fact that nitrifying 
. - * * bacteria are more sensitive then ammonifying bateria £04^the 
toxic metals. 
The results indicate frig. 22 (e) and table - XXVII^ the 
availability of N02"-N gradually decrease with the^increasing 
concentration of FA in soil. This trend clearly (indicate] that 
the soil microbes such as Nitrosomonas which are responsible 
for the oxidation of NH/-N to NO "-N are more sensitive to 
the toxic ingredients of the FA and thus their activity is 
minimized with the increasing doses of FA in soil. However, 
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ft™ £> 
they remain active upto a period of second week/ beyond 
which their activity^rs gradually diminished^ resulting in the 
decrease of N02"-N with the passage of time. 
The available P increases\Fig. 22 (f) and table - XXVIII, 
with the increase of FA upto a level of 7.5 gm Kg"1 soil 
beyond which it declines. It may be possibly due to the higher 
concentration of available phosphorus present in fly ash 
(Bear, 1964) and the concentration of fly ash may be regarded 
as the non-toxic level for the microbes responsible for the 
transformation/solubliz| of inorganic P in to the available 
form. However, the available P is higher at all levels than 
the control. With fehe incubation period, the -significant 
increase ©6 P content vupter second week remained upto sixth 
. /*"". 
week and then a significant increase was noticed. The initial 
mcrease in P content could be attributed to the organic P 
solubilization which subsequently reduce the C/N ratio and 
A 
have constant P content in soil. After the sixth week of Use 
incubation pa^ed, the abrupt increase in the available P 
content from their non-available form of soil-FA system can 
be understood—a* due to the hydrolysis of Fe, Al, Mg 
compounds found in the fly ash after prolong watering ia. 
which- release ©f inorganic acid is expected as 
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FeS0 4 + 2H20 > Fe (0H) 2 + H2 S 0 4 
Al2 (S0 4 ) 3 + 6H20 > 2A1(0H)3 + 3H2S04 
Mg Cl2 + 2H20 > Mg(OH)2 + 2HC1 
The role of certain microbes (Rangaswami and Bagyaraj, 
1993) such as Thiobacillus, Beggiatoa, Thiothrix and 
Thioploca etc. in releasing the free acids under aerobic/ 
anaerobic conditions can not be ruled out as they are 
considered to be strict chemosynthetic autotrophs capable of 
utilizing the energy liberated in oxidation of H2S (released 
in break down of amino acid) and sulphur as \ 
2H2S + 0 2 > S2 + 2H20 
S2 +30 2 + 2H20 > 2H2S04 
H2S + l /20 2 > S + H2O(41,400 cal.) 
S + H2 + 20 2 > H2SO4(118,000 cal.) 
0 
Thus, the liberated acid;and their subsequent use in the 
release of available p from their unavailable forms, without 
affecting the pH of the system. 
Ca3(P04)2 + H2S04 > 2CaHP04 + CaS04 
unavailable available 
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Fig. 22(g) and table - XXIX shows/, an increase in 
available K content at lower concentration of FA upto a level 
of 7.5 gm kg"' soil, which a*# considered to be non-toxic level 
for microbial activity resulting in the release of it. At higher 
concentrations, the K - solubilizing microbial populations are 
reduced and hence a decreased in K availability was observed. 
With incubation pfiiietrT the highest K- availability was 
observed in the second week and then a significant decrease 
was observed upto fifth week beyond which a significant 
increase was observed. These observation could be explained 
on the basis of well known dynamic nature of K- fixation and 
released^ as pointed out by Chakraverti and Patnaik (1990). 
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CHAPTEE-Vl 
EFFECT OF FLY ASH ON THE GROWTH, 
DEVELOPMENT AND METAL IONS; UPTAKE BY 
PIGEON-PEA (Cajanus cajan), BLACK-GRAM 
(Phaseolus mungo) AND OKRA 
(Abelmoschus esculentus) PLANTS. 
1 # 
EFFECT OF FLY ASH ON THE GROWTH, 
DEVELOPMENT AND METAL ION§5 
UPTAKE BY PIGEON-PEA (Cajanus cajan), 
BLACK-GRAM (Phaseolus mungo) AND 
OKRA (Abelmoschus esculentus) PLANTS. 
INTRODUCTION 
The possibility for the safe use of fly ash as a source of plant 
nutrients in agriculture has been an important subject of 
considerable importance and debate in recent years (Mulford and 
Martens, 1979; Adriano et al. 1978; Ghodrati et al. 1995; Shin 
Jaesung et al. 1990; Rees and Sidrak, 1956; Plank Carl, 1974; 
Andojumpei, 1986; Mishra and Shukla, 1986) since it contains an 
appreciable amounts of useful plants nutrients along with some 
toxic heavy metals (Majumdarand Mukherjee, 1983; Fulekar et 
al. 1983; Sikka and Kansal, 1994) that are injurious to hum^n and 
animalrfhealth (Underwood, 1971; Schmitt et al.1972) and also to 
useful soil microbes (Pichtel, 1990; Pichtel and Hayes, 1990). In 
our earlier communication ( Khan et al. 1996), it was revealed 
that the application of fly ash to soil shows a remarkable influence 
on the changes in its physico-chemical behaviour such as pH, EC 
etc. and is capable of altering the status of major plant nutrients 
(NPK)ofthe soil. The seed germination and plant growth in soil 
is entirely dependent on various soil factors such as particle size, 
pH, EC, nature and extent of soluble salts, clay minerals, soil 
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microbes and nutrients^ status etc. also to the environmental 
conditions such as humidity, temperature as well as other 
pollutional ingredients (Raina and Goswami, 1988; Khan and 
Khan, 1983; Jameson. 1970; Martin, 1972) in air, water and soil. 
The present study was under taken with a view to evaluate the 
possibility of utilization of fly ash as a source of nutrients in crop 
production with a view to obtain the knowledge of trace metals 
uptake by Pigeon-pea (Cajanus cajan), Black-gram (Phaseolus 
mungo) and Okra (Abelmoschus esculentus) grown in fly ash 
amended soil. 
E X P E R I M E N T A L 
The soil samples (0-30 cm) of Hirapur fine sandy loam was 
collected from the representative area of the University farm and 
the fly ash was collected from the thermal power station Kasimpur 
in Aligarh district (U.P.) India. The physico-chemical properties 
of the soil and fly ash are given in chapter-V (table - XXII) of this 
thesis. The available metal ions status of the soil and fly ash are 
given in (table - XXX). 
—In the experiments, the soil was thoroughly mixed with 
(yaryingNamounts 0.0 (control), 2.5, 5.0, 7.5, 10.0, 12.5, 15.0 aa& 
30.0 gm fly ash kg'1 soil, as designated by T0, T,, T2, T3, T4, T5, T6 
and T? and taken in e^sfc earthen v^sce pots (15 cm diameter x 15 
cm. deep) which were precoated internally with coaltar to prevent 
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the nutrients absorption. Three replications of each treatment wa&, 
used. The soil in each of the pot was then wetted with distilled 
water to about 60% of its water holding capacity (WHC). The pots 
were kept at 35±1 °C in a green house while maintainl-M moisture 
levelsj^y.addin^-^t^iiretHvater'whenTTece^saT}^ 
Out oi-th-e cci ti ficii,, ten\seeds d£each of Pigeon-pea (Upas-
120), Black-gram (T-9) and Okra (Arka Anamica) procured from 
the Shiv Krishi Vikas Kendra Dhanipur Mandi Aligarh, were 
sown in each pot containing fly ash amended soils and u4*«»trt«4y 
they were thinned and allowed to grow for a tulnri period of 70 
days. The average fresh weight of snooty and dry matter yield per 
plant were recorded in (table-XXXI) and taken^er plantfanalys^ 
A 
by using the method of Tandon (1993). 
One gram of the air dried and grounded plant sample was 
digested with 10 ml of acid mixture containing HN0 3 : HC104 
(4:1). The digested mixture was heated on a hot plate till brown 
fume/cease? and converted to a syrupy liquid al0**g with s&&& t 
white fumes. It was dissolved in 5 ml cone. HC1 t t en diluted with 
distilled water asxl filtered and adjusted to a vnlume of 50 ml in 
each case. The solution thus obtained were used for the estimation 
of plant nutrients. The Na, K were estimated byusiflg "Systronics" 
flame photometer. The amount of Na and K was calculated by 
using the standard curves (Fig.5) given in chapter-I of this thesis. 
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The amount of Ca+Mg were estimated by Versenate (EDTA) 
titration,us«*g-a buffei solution (pH-TO)~lm<he»eefeFeii»e-black 
"TJUJn dilator. The amount of Ca was estimated by EDTA titration 
using murioxide indicator (Jackson, 1958). The amount of Mg 
was then calculated by subtracting the volume of EDTA used for 
Ca from the volume of Ca+Mg. The amount of Cr, Mn, Co, Pb, Cu, 
Zn, Cd, Ni and Fe were estimated by G.B.C. 902 double beam 
atomic absorption spectrophotometer. 
The effect of fly ash on the growth and development of 
Pigeon-pea, Black-gram and Okra (Fig. 23-25) is recorded in 
(table-XXXI) and their metal ions uptake is given in >fable£ 
xxxn-xxx,^ 
RESULTS AND DISCUSSION 
The effect of fly ash on the growth , development and seed 
germination of Pigeon-pea (Cajanus cajan), Black-gram 
(Phaseolus mungo) and Okra (Abelmoschus esculentus) are given 
in 0Tig.23-25 and table - XXXl/. The results indicate a beneficial 
effect up to a certain doses of FA (7.5 gm kg"1 soil) as compared 
to control in all cases thereafter an harmful effect is noticed. The 
beneficial trend in the growth may be conoider-ed due to the 
enhanced supply of available nutrients from the soils amended 
with FA (Elsewi et al. 1980). The release of available nutrients 
from the FA and soil may be considered due to the enhanced 
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EFFECT OF FLY ASH ON GROWTH AND DEVELOPMENT 
OF PIGEON-PEA (Cajanus cajan) SHOOTS AND ROOTS. 
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7IG. 24 : EFFECT OF FLY ASH ON GROWTH AND DEVELOPMENT 
OF BLACK-GRAM (Phaseolus mungo) SHOOTS AND ROOTS. 
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microbial/chemical activity (Khan et al. 1996) under the influence 
of non phytotoxic effect posed by toxic heavy metals contained in 
the FA. The harmful effect after a dose of 7.5 gm FA kg'1 soil may 
be due to the greater availability of toxic heavy metals (Hodgson 
and Holiday, 1966; Jones, 1961) such as Cr, Co, Pb, Cd and Ni 
etc. and their subsequent utilization in greater amounts by plants 
seemed to be the possible explaination. 
Analytical data (table-XXX) indicate^ the availabjjity of 
the various metal ions in soils and fly ash have huge potential of 
nutrient dftrace metals capable^ gfrr supplying ua plant nutrients-
with some toxic heavy metals in FA amendedhsoiL j 
The results (table - XXXII-XXXIV) on the nutrients ie. Ca,^ 
Mg, K, Mn, Cu, Zn, Fe, and metal ions/ uptake by Pigeon-pea 
(Cajanus cajan), Black-gram {Phaseolus mungo) and Okra 
(Abelmoschus esculentus) did not follow any specific trend with 
regards to the applied doses of FA. The highest uptake of nutrientjr 
metal ions is found to vary and depend upon the nature of metal 
ions and the kind of plants grown on such soils. The highest 
uptake of various nutrient metal ions by Pigeon-pea {Cajanus 
cajan) were found to be in the sequence for K, Cu and Fe at T2 (5.0 
gmkg"1 soil)., for Mg, Mn and Zn atT 3 (7 .5 gmkg"1 soil) for Ca and 
Na at T4 (10.0 gm kg-1 soil); by Black-gram (Phaseolus mungo) 
were found to be in the sequence for Mg and Fe at Tt (2.5 mg kg" 
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1
 soil)., for Mn and Cu T2 (5.0 gm kg "' soil)., for Ca, Na, Zn and 
K at T3(7.5 gm kg"1 soil); by Okra (Abelmoschus esculentus) were 
found to be in the sequence for Mg, K, Mn, Cu and Ca at T2 (5.0 
gm kg"1 soil)., for Na, Zn and Fe at T3 (7.5 gm kg'1 soil). However, 
most of the toxic heavy metals such as Cr, Co, Pb, Cd and Ni 
followed the increasing trend in their uptake with increasing 
doses of fly ash throughout the entire range of their amendments. 
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A mutragyak es fenolvegyiiletek hatasa a nehezfemek mozgasara 
Aligarh-i talajokban 
Fenolvegyiiletek, amelyek kiil6nboz6 
nov6nyfajt£k 616 vagy holt szoveteibdl 
sz£rmaznak, elfifordulhatnak a talajokban 
(JAMESON, 1970; HARRISON, 1971). 
Ugyancsak ismert, hogy a fenolsav a no-
venyek lebomlSs&nai (MORITA, 1975; 
RAINA & GOSWAMI, 1988), valamint a ta-
laj szerves anyag£bol mikrobiol6giai 
szint6zis kovetkezteben (MARTIN et al., 
1972) is kepz6dhet. A fenolszarmazekok 
mennyisege es min6s6ge nagyban fiigg a 
talaj szerves anyaganak min6s6get61, an-
nak fiziko-kemiai saj5toss<igait61 6s a ta-
lajban 16v6 mikroorganizmusokt61. Fi-
gyelembe veve a fenolvegyiiletek fito-
toxikus hatSs&t a csfr&zasn&l (KAMINSKY, 
1980), a nehezfemek hat£s£t a novenyek 
noveked6sere (KHAN & KHAN, 1983), 
valamint ezek g£tl6 hat£s&t a bioaktivi-
tasra (ZIBILSKE & WAGNER, 1982) cel-
szerunek lltszott tanulmanyozni neh£ny 
ilyen vegyiiletnek a nehezfemek mozg£-
saban j£tszott szerepet. Jelen dolgozat 
ugyancsak c61ul tuzte ki, hogy vizsgdlja e 
vegyiiletek hat£s£t a biol6giai folyama-
tok aktivitas£ra a talajokban, mutr£gy4k 
jelenl6teben es hi£ny£ban (KHAN et al., 
1982, 1991). 
Anyag es m6dszer 
Egy Aligarh-i talaj (helyi oszt&lyozas 
szerint Hirapur homokos vdlyog, a Soil 
Taxonomy szerint Aerie Halaquept) fels6 
0-30 cm szintj6b61 vettiink mintit. A ta-
laj megfeleld" eloTceszites (szirftas 6s szi-
t£las) utan 61% homokot, 25 % v%ogot 
6s 14 % agyagot tartalmazott (PIPER, 
1950). Kationkicserel6 kapacitAsa 15,3 
me/100 g, pH-ja 8,7 (1:2,5 vizes kivonat-
bol), szervesanyag-tartalma pedig 1 Re-
volt (WALKLEY & BLACK, 1947). A ki-
cser61het6 kationok 6rteke (JACKSON, 
1958 szerint) a kovetkezo" volt: Na: 1,0; 
K: 0,5; Ca: 3,5 6s Mg: 12 me/100 g. A 
vizsg&latokat r6tegkromatograTiasan v6-
geztiik. A talajt osszekevertiik olyan 
desztill&lt vizzel, amely fenolvegyiilete-
ket (m-krezol, fenol, rezorcinol 6s piro-
gallol) tartalmazott kulonbozo" mennyi-
s6gekben (0, 5, 10, 15 6s 20 mg/100 g 
talaj) 6s alaposan felrazruk, armg minden 
esetben homogen kevereket kaptunk. 
Ezut&n iiveglemezre (20 x 4 cm) vittiik 
fel es 0,5 mm vastag r6teget.k6peztiink. 
A lemezeket szobah6m6rs6kleten (30 °C) 
szaritottuk. Mikropipett£val 0,006 ml-t 
csepegtettiink a nehezfemek - nevezete-
sen Cr-, Cu-, Ni- 6s Ag-nitr£t 6s Fe-
szulflt - 0,1 M vizes oldatabol egyszeri 
kezelesre. Ezutan a legszaraz lemezeket 
vizes oldatban 30 ppm koncentraciojii 
mutragyakkal (pi. (NH4)2S04, KCl, 
CO(NH2)2 es (NH4)3P04) vagy an61kiil 
hoztuk ossze mindaddig, amig 10 cm-es 
elmozdulSst hoztunk letre. Ezutan a le-
mezeket szaritottuk 6s vizes oldatokkal 
meghataroztuk a f6meket: 1 %-os k&lium-
ferro-cianiddal a vasat (zold) 6s rezet 
(t6glavoros); 0,1 % alkoholos dimetil-
glioximmal a nikkelt (616nk piros), 0,1 % 
hematoxilin etanolos oldataVal a kr6mot 
244 SZEMLE 
A G R O K E M I A ES T A L A J T A N Tom. 44. (1995) No. 1-2 245 
246 S Z E M L E 
(elenk sarga) 6s 0,1 M kalium kromat vi-
zes oldataval az eziistot (teglavoros). 
A mozgekonysag adatait az Rf 6rtek-
kel hataroztuk meg a kovetkez6 egyenlet 
6rtelmeben: 
fenolvegyiiletek alacsony koncentraci6-
nal kevesbe ionizaltak, es nemionos ad-
szorpci6juk megy vegbe az adszorpci6s 
helyeknel hidrogenkotes formajaban, az 
alabbiak szerint: 
Rf = 
RL+RT 
ahol [(RL + RjO/2)] a bazis vonaltdl val6 
tavolsagot jelenti. 
E redmenyek es megvi ta tasuk 
Az 1. abra egy pH > 8,5 alkali talaj 
eseteben mutatja, hogy a nehezferaek 
mozgekonysaga a fenolvegyiiletek kisebb 
koncentraci6janal a legnagyobb, es 
utana, minden esetben csokken. A fem-
ionok mozgasa a kovetkez6 sorrenddel 
jelleraezhet6: Cr > Fe > Cu > Ni > Ag, 
amely egybevag PREISER & FERNANDO 
(1966) tapasztalataival a hidratalt ionok 
vonatkozasaban (1. tablazat). Ez a ten-
dencia val6szinuleg azzal magyarazhat6, 
hogy lugos viszonyok kozott az ion nagy-
sag novekedesevel a kicserel6des helye-
hez val6 kot6desiik csokken. A fenol-
vegyiiletek kisebb mennyisegenel eszlelt 
nagyobb mozg6konysag a kovetkezfi 
mechanizmus alapjan magyarazhat6: A 
szerves 
anyag 
vagy — O-
agyag 
-H~ 
^ ' O <\ 
A hidratalt femionok kolcsonhatasa 
SCHNITZER & GHOSH (1982) szerint az 
MtHjO)^11 strukhiranal - ahol n a vegy-
ertek es x a vizmolekulak szama - gatol-
va van a talajkolloidok leblokkolt ki-
cserelfidesi helyein. A femionok mozga-
sanak csokkenese azonban magasabb d6-
zisoknal a fenoloxid-kepz6deshez van 
kotve es a kes5bbi lekot6desnel vagy a 
hidrogenkotessel vagy a van der Waals 
erolckel. Ezeknek a femionoknak a kot6-
desi energiaja varhat6an novekszik a ta-
lajokban talalhat6 fenolvegyiiletek kon-
centraci6janak novekedesevel. A legna-
gyobb mobilitas az m-krezol eseteben ta-
pasztalhat6, amely a meta pozfci6ban le-
v6 metilcsoport kovetkezmenye a ben-
zolgyuruben, ezaltal az m-krezolt tartal-
maz6 talaj ban a femion mobilitasa a leg-
magasabb. A fenoxid-ionok k6pz6dese 
1. tablazat 
A nehezfeniek es mdtragjak nehany jellemzoje 
Nehezfem-
ionok 
Kr6m 
Vas 
Rez 
Nikkei 
Eziist 
Hidratalt ion 
merete 
11,10 
8,08 
6,03 
3,36 
2,30 
MGtragyak 
(NH4)2S04 
KC1 
CO(NH2)2 
(NH4)3PQ4 
Vizoldhatosag 25 
°C-on, g/100 ml 
90,6 
34,4 
Nagyon oldhat6 
26,1 
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2. tdbldzat 
A fenolvegyiiletek jellemzoi es a neh£zf£mek mobilitisa a fenolos rendszerekben 
Fenol-
vegyulet 
m-krezol 
Fenol 
Rezorcinol 
Pirogallol 
pK 
ert6k 
10,08 
9,98 
9,48 
9,44 
Maximum Rf ertekek fenolokkal 
(5-10 mg/100 z talaj) 
Cr 
2,87 
0,80 
0,77 
0,70 
Fe 
0,72 
0,67 
0,68 
0,62 
Cu 
0,70 
0,62 
0,58 
0,55 
Ni 
0,45 
0,40 
0,35 
0,30 
AE 
0,10 
0,10 
0,12 
0,10 
azonban a fenolvegyiiletekben lehets6ges 
ugyancsak az -OH csoportok kovetkez-
m6nyekeppen, valamint ionizal6 tenden-
ciajuk miatt, amely megmutatkozik a pK 
6rt6kek fordftott sorrendjeben: m-krezol 
> fenol > rezorcinol > pirogallol (2. tab-
lazat). Igy a novekvoen negativ toltesu 
adszorpci6s helyek kialakulasa a fen-
oxid-tartalmu fenolvegyiiletek adszorp-
ci6ja kovetkezteben a kovetkez6 sorren-
det koveti: pirogallol > rezorcinol > 
fenol. Igy a femionok mozgasa adszorp-
ci6s energiajuk reciprokakent jelenik 
meg a fenoxid-ionok hatasanak ered-
m6nyek6ppen, a kovetkezo" sorrendben: 
m-krezol > fenol > rezorcinol > pirogal-
lol. 
Az 1. abran, amely a nehezf6ms6k 
mozg£s£t 6br£zolja a 30 ppm koncentra-
cioju (NH4)2S04, KCl, CO(NK,)2 6s 
(NH4)3P04 mutragyak alkalmazasa ese-
ten megfigyelhetfi, hogy az alkalmazott 
mutragyak a legtobb esetben fokozott 
mobilitast eredmenyeznek. Ez azzal ma-
gyarazhat6, hogy a kiil6nboz6 mutragyak 
vizes oldatai a kovetkezfikeppen disszo-
cial6dnak: 
KCl -> K+ + Cl" 
NH2CONH2 + 2H20 2NH4+ + OH+C02 
(NH4)2S04 -> 2NH4+ + S042" 
(NH4)3P04 -* 3NH4+ + P043" 
A K+ es NH4+ ionok nagyobb kicse-
re!6desi energiaval kot6dnek a talajkol-
loidokhoz, mint a fenolvegyiiletek ala-
csony d6zisai es leblokkoljak a kicse-
r616d6si helyeket. Igy kevesebb negativ 
kicser616desi hely marad a szerves anya-
gok szamara, ami elomozdftja nagyobb 
mozg6konysagukat. Azonban a fenolve-
gyiiletek nagyobb adagjainal ezek esetleg 
kicser61hetik a K+ es NH4+ ionokat 6s igy 
nagyobb adszorpci6s Iehet6s6g nyflik a 
fenoxid-ionok szamara. Ez magyarazza 
itt a neh6zf6mek mobilitasanak csokke-
n6set. Megfigyeltiik, hogy a f6mionok 
mobilitasanak csokken6s6t a mutragy£k 
alkalmazasanal a kovetkezo" sorral lehet 
jellemezni: (NH4)2S04 >KC1 XZCKNH^ 
> (NH4)3P04, amely osszhangban van a 
disszociaci6s allandojuk 6s oldhat6saguk 
kombinalt hatasaval (1. tablazat) 
(WEAST, 1986). 
Osszefoglalas 
A szerzolc r6tegkromatografias vizs-
galatokat v6geztek neh6zfemek (Cr, Fe, 
Cu, Ni es Ag) mozgekonysagara vonat-
koz61ag Aligarh-i talajon. Egyes fenol-
szarmazekok (m-krezol, fenol, rezorcinol 
es pirogallol) keriiltek alkalmazasra, mint 
a nehezfemek mozgasat gatol6 anyagok. 
Ugyancsak vizsgalatokat v6geztek egyes 
mutragyak ((NH4)2S04, KCl, CO(NH2)2 
es (NH4)3P04) hatasar61. Az eredm6nyek 
szerint a szerves anyagok kisebb kon-
centracioja novelte, nagyobb koncentra-
cidja csokkentette, mig az alkalmazott 
mutragyak minden esetben novelt6k a 
vizsgalt neh6zf6mek mozgekonysagat. 
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Studies on the Mobility of Heavy 
Metals in Soil 
SAMIULLAH KHAN*, M. A. QURESHI and JAIBIR SINGH 
The mobility of some heavy metals such as Ni, Mn, Cr, Cu and Fb was 
measured through soil with decomposed organic matter as well as soils amended with 
some commonly used pesticides such as Thiometon, Malathion and Dichlorovos 
trichloroacetic acid, p- chlorophenoxyacetic acid, P-napthoxyacetic acid. Ammonium 
sulphate, Urea, Ammonium phosphate, and Potassium chloride have also been ex-
amined for their effects on the mobility. The results show that order of mobility was 
Ni > Mn > Cr > Cu > Pb in all systems studied. Higher mobility was observed in soil 
with decomposed organic matter than in soil with organic matter. In case of soils 
amended with insecticides, the enhanced mobility of the metals was in the order, 
thiomenton > malathion > dichlorovos systems at their lower concentrations but it 
declines at higher dosages. Enhanced mobility was noticed in soils amended with 
herbicides and chemical fertilizers throughout the range of their amendments with 
the mobility order; as trichloroacetic acid > p-chlorophenoxyacetic acid > P-nap-
thoxyacetic acid in herbicides systems whereas in chemical fertilizers the order was 
Potassium chloridoAmmonium Sulphate > Urea > Ammonium phosphate. 
Key words: Mobility, Heavy metals, Soil, Pesticide, Chemical fertilizers 
Introduction 
Heavy metals in soil, because of 
their great potentialities for crop 
response and animal health " have 
been a subject of extreme importance in 
recent years . It has been observed that 
the presence of traces of certain heavy 
metals like lead, chromium, copper, 
nickel and manganese in agricultural 
soils have greatly influenced the 
availability of other nutrient elements to 
plants grown on such soils. 
Among these elements copper and 
manganese are micronutrients and are 
required for healthy plant growth while 
lead, chromium and nickel are hazard-
ous and create complication in the 
utilization of other nutrients by plants . 
The organic chemicals used in soil 
medium influence the availability , and 
translocation of trace metals in soil and 
plants . The availability of nutrients in 
soil is governed by a number of factors 
such as soil texture, pH of the medium, 
nature and extent of clay minerals, or-
ganic matter and the chemicals which 
Q 
are used in soil environment . The in-
fluence of organic and inorganic com-
pounds in soil medium has always been 
a subject of considerable debate as it 
provides a scientific background in un-
derstanding their behaviour in plant 
nutrition as well as in tackling the pollu-
tional problems posed by these trace me-
tals in agriculture. 
* Department of Applied Chemistry, Z. H. College of Engineering & Technology, Aligarh Muslim 
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The present study is an attempt to 
see the mobility of certain heavy me-
tals through an alkaline soil of 
Aligarh district. The results may be of 
immense utility in understanding the 
mechanisms involved in the interaction 
and translocation of heavy metals in 
soils amended with varying dosage of 
pesticides and chemical fertilizers and 
their availability to plants. 
Materials and Methods 
The soil used in these investiga-
tions was an illitic fine sandy loam 
(0-25 cm) collected from the Aligarh 
Muslim University farm situated in 
Aligarh district (U.P.) The physico-
chemical properties of the soil were: 
sand, 61%; silt, 25%; clay, 14%9 pH 8.8 
(1:2.5 soil water ratio); CEC 16.3 mea 
100 gm" soil, organic matter 0.41%, 
exchangeable Na, 1.0; K, 0.5; Ca, 3.5 
and Mg, 12 meq 100 gm"1 soil11. The soil 
sample was air dried, ground and sieved 
through a 100 mesh sieve (B.S.S.) to ob-
tain a homogeneous particle size. The 
soil with organic matter, and soil with 
decomposed organic matter by treating 
with 30% H2O2 were then amended with 
varying quantities of insecticides, viz. 
Malathion, Dichlorovos and Thiometon; 
Herbicides-Trichloroacetic acid, p-
chlorophenoxyacetic acid and P-Nap-
thoxyacetic acid each containing 0, 25, 
50, 75 and 100 mg 100 gm"1 soil and 
chemical fertilizers CO(NH2)2, 
(NH4)2S04, (NH4) 3PO4, KC1 each con-
taining 0, 100, 200, 300 and 400 mg 100 
gm' soil. A soil slurry of the amended 
soil was then prepared in distilled water 
with a soil water ratio of 1:2. The slurry 
was then applied on glass plates (20 x 4 
cm) with the help of an applicator to 
make a uniform layer of 0.5 mm thick-
ness with the help of an applicator. The 
plates were then air dried at room 
temperature 30 ± 3CC. Two lines were 
scribed at 4 and 14 cm from the base on 
all the plates so as to allow a distance of 
10 cm for development of all the plates. 
An aqueous solution (0.1M) of heavy 
metal nitrate was applied with the help 
of a micro-pipette. The air-dried plates 
were then developed in a glass jar with 
distilled water until the mobile phase 
had moved a distance of 10 cm. The 
plates were then air-dried and the 
metals were detected by spraying 
0.1% (w/v) ethanolic solution of 
haemotoxylene showing Pb , Ni , 
Mn2+ and Cu2+ as violet and Cr3+ as 
bright yellow spot. 
The results for the mobility in 
terms Rf values have been obtained by 
using relationship Rf = 1/10 [(RL + RT)/2] 
where (RL + RT) / 2 is the average of 
leading and tailing distances from the 
base line. 
Results and Discussion 
Table - 1 shows that the mobility of 
heavy metals decreases in soil with or-
ganic matter, as compared to the soil 
with decomposed organic matter. This 
may be due to the high adsorption 
capacity of the soil organic matter 
(SOM) associated with the clay particles 
due to clay-metal-SOM interaction . 
The mobility order observed was Ni > 
Mn > Cr > Cu > Pb. This trend is in the 
reverse order of their binding capacities 
1 0 i c 
with soil organic matter ' . 
The mobility of heavy metal in-
creases at lower dosages of insecticides 
(upto 50 mg 100 gm" soil) in case of 
malathion and thiometon, and (upto 25 
mg 100 gm" soil) in dichlorovos 
MOBILITY OF HEAVY METALS 
TABLE 1 • The Effect of Organic Matter on the Mobility of Heavy Metals 
Heavy Metal 
Ions 
Ni2+ 
Mn2+ 
Cr3+ 
Cu2+ 
Pb2+ 
Soil with 
organic 
matter 
0.30 
0.29 
0.28 
0.07 
0.06 
Rf-values 
Soil with 
decomposed 
organic 
matter 
0.42 
0.40 
0.36 
0.22 
0.14 
Metal 
Chlorides 
64.20 
32.30 
58.50 
— 
00.99 
Solubility19 in water (gm 100 ml"1) 
Metal 
i Sulphate 
65.52 
52.00 
12.35 
14.35 
0.00425 
Metal 
Phosphate 
Very soluble 
— 
Soluble 
Insoluble 
0.000014 
amended soils and thereafter it declines 
at their higher dosage in all cases. The 
mobility sequence of the metals is ob-
served in the order Thiometon > 
Melathion > Dichlorovos systems. 
Thiometon containing a reactive 
sulphur atom attached to a hydrophobic 
ethyl group inhibits its interaction with 
the exchangeable sites of the soil col-
loids, whereas in case of malathion it 
has two carboxylic groups containing 
O-atoms available for interaction with 
soil colloids with the greater capability 
but restricted due to presence of two 
methyl groups. On the other hand, 
dichlorovos contains two chlorine atoms 
that are capable of withdrawing 
electrons from the function groups at-
tached with the molecules in turn 
making it much polar having greater 
capability for interacting with soil col-
loids. Thus, the order of their adsorption 
is dichlorovos>malathion>thiometon as 
has been shown in their reverse order of 
their mobility in soil ' . The higher 
mobility of heavy metals at lower 
dosages may be due to the blockage of 
exchangeable sites by these insecticidal 
molecules. The decrease in the mobility 
of heavy metals at higher dosages of 
their amendments may be governed by 
the number of interacting sites created 
by these adsorbed molecules capable of 
attracting the metal ions, and is found 
to be in the same sequence of their ad-
sorption. Thus, the metal ion mobility is 
entirely governed by the chemical be-
haviour of the absorbed organic 
molecules onto soil surfaces. 
In the case of substituted acetic 
acid herbicides namely trichloroacetic 
acid (TCA), paraphenoxyacetic acid and 
P- Napthoxyacetic acid, the mobility of 
heavy metals generally increases 
throughout the entire range (0-100 mg 
100 gm" soil) of their amendment in soil 
(Figure 1). It is observed that the 
mobility of heavy metals follows the 
order: Trichloroacetic acid > p-chloro-
phenoxyacetic acid > (3-napthoxyacetic 
acid. In trichloroacetic acid, the three 
chlorine atoms present are capable of 
withdrawing electrons from the 
molecule, hence their ionization is 
highest in comparison to p-chloro-
phenoxyacetic acid which contains only 
one chlorine atom. The absence of 
chlorine atoms, and presence of napthyl 
group capable of including electrons 
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Fig. 1 - Mobility of heavy metals through soils amended with pesticides 
(—•—Ni, —0—Mn, —A— Cr, — zV— Cu, —x— Pb) 
towards the side of carboxylic groups, 
retard their ionization process. 
These ionic species are capable of 
forming the soluble metal carboxylates 
and enhance the mobility accordingly. 
The liberated H+ ion is used in blocking 
the exchangeable sites of the soil col-
l ides as shown by Khan et al. 
The application of chemical fer-
tilizers such as Urea, Ammonium phos-
phate, Ammonium sulphate and Potas-
sium chloride in soils enhance the 
mobilities in case of Ni, Mn and Cr to a 
considerable extent (Fig. 2), while Pb 
and Cu remained almost unaffected 
throughout the entire range (0 to 400 
MOBILITY OF HEAVY METALS 5 
200 400 0 200 400 0 200 400 0 200 400 
Cone of Chemical fer t i l izers (mg 100 gm~1soit) 
Fig. 2 - Mobility of heavy metals through soils amended with chemical fertilizers . 
(—•— Ni, —0— Mn, —A—Cr, —A— Cu, —x— Pb) 
mg 100 gm" soil) of their study except 
in system of ammonium sulphate where 
Cu showed a little increase only at ini-
tial level of its addition. The mobility 
order is Ni > Mn >Cr > Cu > Pb with 
most of the fertilizers-amended soil, 
except potassium chloride where 
mobility order was Ni>Mn>Cr>Cu>Pb. 
These results can be explained by con-
sidering the chemical behavior of these 
fertilizers in soil solutions as 
(i) KC1-
O 
it 
->K++cr 
(ii) NH2-C-NH2 + 2H20 2NrU+ + OH" + CO2 
(iii)(NH4)2S04-
(iv)(NH4)3P04-
-> 2NH4+ + SO4' 
-> 3NH4+ + PO4' 
The K+ and NH4+ ions thus 
released from the fertilizers are capable 
of blocking the exchangeable sites by 
their higher adsorptive power as com-
pared to the heavy metals rendering 
them to be more mobile. The mobility of 
heavy metals in different fertilizer sys-
tems follow the order (NH4) 2S04>KC1> 
NH2CONH2>(NH4) 3PO4 which is in 
accordance with the combined effect of 
dissociation constant and solubility of 
the metal salts in water (Table 1). 
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Effect of Fly Ash on Physico-Chemical 
Properties and Nutrient Status of Soil 
SAMIULLAH KHAN*, TAHIRA BEGUM and JAIBIR SINGH 
The effect of varying levels of fly ash (FA) on pH, electrical conductivity (EC), 
and available major plant nutrients such as nitrogen, phosphorus and potassium 
(NPK) was investigated in an alkaline fine sandy loam soil of Aligarh district (UP.) 
The results show a decrease in soil pH and increase in EC with the increasing doses 
of FA. The effect on the availability of NH4+ -N and NO3" -N and K+ followed the 
order 7.5 > 5.0 > 2.5 > 0.0 > 10.0 > 12.5 > 15.0 > 30.0 gm kg-1 soil where as NO2" - N 
was in the depressed state with respect to control on the increasing doses of FA. The 
trend on the availability of P followed the order 7.5 > 5.0 > 2.5 > 10.0 > 12.5 > 15.0 > 
30.0 > 0.0 (control) gm kg" soil. The available phosphorus increased with the increas-
ing doses up to 7.5 gm kg" and thereafter it decreased with the increasing doses of 
FA but remained in higher amounts than the control. 
Key Words : Fly ash, Nitrogen, Phosphorous, Potash, Soil 
Introduction 
A large amount of fly ash is 
released from thermal power plants, 
locomotives and other industries that 
are based on fossil fuels ' . It has been 
reported that the fly ash has a great 
potential to be utilized as a source of 
major and micro-nutrient elements re-
quired for healthy plant growth. Fly ash 
is associated with various useful con-
stituents such as Ca, Mg, Fe, Cu, Zn, 
Mn, B, S and P along with appreciable 
amounts of toxic heavy metals such as 
Cr, Pb, Hg, Ni, V, As and Ba7"9. The toxic 
heavy metals hinder the nutrients 
utilization by plants and adversely 
affect the microbial population which 
in turn govern the soil fertility status 
by way of their greater participation in 
conversion of their useful constituents 
through the processes of nutrients 
oxidation reduction, solubilization, 
fixation, nitrification, denitrification 
and ammonification of nitrogen etc. in 
soil11"13. Pichtel14 has shown that the 
respiration and enzymatic activities of 
microbial population were typically 
decreased with the increasing amounts 
of fly ash contents in soil. Pichtel and 
-IE 
Hayes observed 57, 80 and 86 percent 
decrease in bacteria, actinomycetes and 
fungal populations respectively in soils 
with 20% FA amendments. However, in-
crease in the population of bacteria at 
lower doses of 5 percent FA amendments 
16 
were also noticed. Elsewi et al ob-
served an increase in soil pH, EC, Ca, 
Mg, Na, B and SO4 - in soil as a result 
of FA amendments. However the 
availability of P, Zn, Fe and Mn to 
plants appeared to be diminished by FA 
amendments. The aim of the present 
study was to asses and evolve 
Department of Applied Chemistry, Z.H. College of Engineering and Technology, Aligarh Muslim 
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favourable conditions for utilizing the 
FA as a source of plant nutrients in 
agriculture without much risk of pollu-
tional problems caused in its utilization. 
Materials and Methods 
The soil (0-30 cm) used in these in-
vestigations was Hirapur fine sandy 
loam collected from cultivated lands; 
and Fly ash was collected from the ther-
mal power station, Kasimpur in Aligarh 
district (U.P.) India. The soil and FA 
samples were air dried at room tempera-
ture, crushed and sieved through a 100 
mesh sieve (B.S.S.). The physico-chemi-
cal properties of the soil and F.A. were:-
Soil : Sand 61%, Silt 25% and clay 
14% (international pipette method) pH 
8.5 (1:2.5 soil water ratio), Electrical 
Conductivity (EC) 1.68 x 10"4 mhos cm"1, 
organic matter 0.41%18, CEC 16.3 meq 
100 gm" soil, exchangeable Na+ 1.0, K+ 
0.5, Ca++3.5 and Mg++ 1.2 meq 100 gm"1 
soil19. Available NH4+ -N 36.40, NOs" -N 
28.0, NO2-N 7.2020, P35.021, and K, 
118.0 mg kg"1 soill9. FA: pH 6.65 (1:2.5 
FA water ratio), E.C. 7.10 x 10"4 mhos 
cm"1, Available NH4+ -N 30.40, NO3" -N 
24.80, NO2" -N 3.20, P 470.0 and K 194.0 
mg Kg" fly ash (determined by the 
methods used in soil analysis). 
For conducting experiments, the 
varying amounts of fly ash 0.0 (control), 
2.5 5.0, 7.5, 10.0, 12.5, 15.0 and 30.0 gm 
kg" soil were thoroughly mixed with 1 
kg of the soil before taking in to the 
separate earthenware pots (15 cm 
diameter x 15 cm deep) which were pre-
coated internally with coaltar to prevent 
the nutrients absorption. Three replica-
tions of each treatment was used. The 
soil in each of the pot was
 ;then wetted 
with distilled water to about 60 percent 
water holding capacity (WHC) of soil. 
The pots were kept at 30 ± 1°C and at 
constant moisture levels maintianed by 
adding distilled water when necessary. 
Results and Discussion 
The effect of fly ash (FA) amend-
ments to an alkaline soil is shown in 
Fig. 1(a). Soil pH decreased from 8.5 to 
8.2. It is due to the lower pH (6.65) of 
the FA as well as the acids produced by 
the decomposition of Soil Organic Mat-
ter (SOM) through microbial activities 
that increase the hydrogen ion con-
centration in soil and hence a decrease 
in soil pH. While an increase in soil pH 
with incubation period could be ex-
plained on the basis of neutralization of 
H+ by the alkali salts present in soil (pH 
8.5) as well as the solubility of more 
basic metallic oxides of the FA with the 
passage of time. These observations are 
in general agreement with the earlier 
work ofElsewi etal . 
The FA addition in soil significantly 
increases the electrical conductivity 
(Fig. lb) by 40 to 50 percent and that in-
creases with the increasing doses of FA. 
It may be due to the increasing quantity 
of soluble major and micro nutrients 
along with the toxic heavy metals 
released by the FA to soil. Eary et al22 
reviewed the geochemical factors con-
trolling the mobilization of minor and 
major elements from fly ash in soil and 
suggested that the inccreasing inorganic 
constituents could rise the electrical con-
ductivity of the soil. However, the 
uniform rise in E.C. with the passage of 
time could not be observed. It increases 
in first week, down fall up to fourth 
week and then further rise throughout 
the entire Ange of* study was noticed. It 
seems that the interaction of inorganic 
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constituents of FA with soil organic mat-
ter and their adaptation by microbials 
under changing soil chemical conditions 
could be a reason for these trend in E.C. 
Fig. 1(c) shows, the effect of FA on 
the ammonification process in soil. It is 
observed that the availability of NH4+-N 
increases with increasing amount of fly 
ash from 0 to 7.5 gm kg" soil and then it 
declines significantly. The higher 
availability of NH4+-N at low rate of FA 
addition could be due to additional sub-
strate (organic C) supplied by fly ash 
resulting with the increased activities of 
ammonifying bacteria such as 
Rhizobium and Azotobacter spp. On the 
other hand, a decline in NH4+-N 
availability at high rates of FA addition 
could be attributed to the inhibition of 
microbial activity posed by available 
toxic metals, non-metals, and other in-
gredients released by the FA. With the 
passage of time, the maximum 
availability of NH4+-N are attained at 
the end of the second week and then a 
significant drcrease was noticed. It 
seems that the microbes remain more 
active on the addition of FA upto this 
period and then their activity begins to 
decrease, possibly due to the reduction 
of organic substrate and greater toxicity 
of heavy metals released by the 
solubilizing effect in soil-FA system. 
Fig. 1(d) indicates that the N03"-N 
content increases upto a level of 10 gm 
kg" soil beyond which it falls. This 
trend again shows the role of additional 
substrate and toxic metals over soil 
microbes such as Nitrobacter respon-
sible for nitrification in soil. However, 
with passage of time the trend in the 
availability of NO3" -N differs from 
NH4+-N. It decreases smoothly 
throughout the entire period of study 
probably due to the fact that nitrifying 
bacteria are more sensitive than am-
monifying bacteria for the toxic metals. 
The results indicate (Fig.le), the 
availability of N02"-N gradually 
decrease with the increasing concentra-
tion of FA in soil. This trend clearly in-
dicate that the soil microbes such as 
Nitrosomonas which are responsible for 
the oxidation of NH4+-N to NO2-N are 
more sensitive to the toxic ingredients of 
the FA and thus their activity is mini-
mized with the increasing doses of FA in 
soil. However, they remain active upto a 
period of 2nd week beyond which their 
activity is gradually diminished result-
ing in the decrease of N02~-N with the 
passage of time. 
The available P increases (Fig. If) 
with the increase of FA upto a level of 
7.5 gm kg' soil beyond which it 
declines. It may be possibly due to the 
higher concentration of available phos-
phorous present in fly ash , and the 
concentration of FA may be regarded as 
the non-toxic level for the microbes 
responsible for the transformation / 
solubilize of inorganic P in to the avail-
able form. However the available P is 
higher at all levels than the control. 
With the incubation period, the sig-
nificant increase of P content up to 2nd 
week remained up to 6th week and then 
a significant increase was noticed. The 
initial increase in P content could be at-
tributed to the organic P solubilization 
which subsequently reduce the C/N ratio 
and hence the microbial activities cease 
to have constant P content in soil. After 
the 6th week of the incubation period, 
the abrupt increase in the available P 
content from their non-available form of 
Soil-FA system can be understood as due 
to the hydrolysis of Fe, Al, Mg com-
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pounds found in the FA after prolong 
watering in which release of inorganic 
acid is expected as 
FGS04 + 2 H20 > Fe(OH)2 + H2SO4 
A12(S04)3 + 6 H20 ->2A1(0H)3+3H2S04 
MgCl2 + 2H20 >Mg(OH)2 + 2HC1 
The role of certain microbials 
such as Thiobacillus, Beggiatoa, 
Thiothrix, Thioploca etc. in releasing 
the free acids under aerobic/anaerobic 
conditions cannot be ruled out as they 
are considered to be strict chemosyn-
thetdc autotrophs capable of utilizing 
the energy liberated in oxidation of H2S 
(released in break down of amino acid) 
and sulphur as 
2H2S + O2 > S2+2H2O 
S2+O2+2H2O > 2H2SO4 
H2S+V2 O2 > S+H2O (41,400 cal.) 
S+H2+1V2 O2 > H2 S04 + (118000 cal) 
Thus, the liberated acid and their 
subsequent use in the release of avail-
able P from their unavailable forms, 
without affecting the pH of the system. 
Ca3 (P04)2+H2S04 > 2CaHP04+CaS04 
Unavailable Available 
Fig. 1(g) shows, an increase in 
availabale K content at lower concentra-
tion of FA upto a level of 7.5 gm kg" soil, 
which are considered to be non-toxic 
level for microbial activities resulting in 
the release of it. At higher concentra-
tions, the K-solubilizing microbial 
populations are reduced and hence a 
decreased in K availability was ob-
served. With incubation period, the 
highest K-availability was observed in 
the 2nd week and then a significant 
decrease was observed up to 5th week 
beyond which a significant increase was 
observed. These observation could be ex-
plained on the basis of well known 
dynamic nature of K-fixation and 
release as pointed out by Chakraverti 
and Patnaik. 
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Effect of Some Phenolic Compounds 
and Pesticides on the Growth and 
Nutrient Concentration of Gram (Cicer 
arietinum), Lentil (Lens esculenta) and 
Linseed (Linum usitatissium) plants 
SAMIULLAH KHAN* and JAIBIR SINGH* 
A green house experiment was conducted to evaluate the effect of certain 
phenolic compounds such as m-cresol, phenol, resorcinol and pyrogallol on the growth 
and nutrient uptake of Gram (Cicer arietinum) plant and of pesticides such as 
monocrotophos, dichlorvos and endosulfan on the growth and nutrient uptake of 
Lentil (lans esculenta) and Linseed (.Linum usitatissimum) plants. The results indi-
cated that the presence of these compounds at lower amounts upto 0.25 mg kg soil 
in case of phenolic compounds and 5 mg kg' soil for the pesticides had beneficial 
effect in regards to growth and nutrients uptake by the plants grown in soil. At 
higher concentrations, they caused a significant decrease with the increase in their 
concentration on the plant growth and in nutrients uptake for these plants. The 
results have been explained on nature and chemical behaviour of these compounds 
and biological activities in soil. 
KEY WORDS : Phenolic compounds, Pesticides, Nutrient concentration of 
plants, Gram, Lentil and Linseed. 
Introduction 
A great concern has been generated 
over the possibility of phytotoxic be-
haviour of some phenolic compounds, 
produced from living or dead tissue of a 
variety of plants, " as well as pesticides 
used for controlling plant diseases in 
soils. The presence of such compounds 
are found to affect the plant growth . 
The phenolic compounds exhibit some 
toxicity with respect to plants in dif-
ferent ways. At their lower concentra-
tions, they inhibit the phosphorylation 
and break the chain of reactions forming 
the phosphate adenosine di-and tri-
* Department of Applied Chemistry, Z. H. College of Engg. & Tech, Aligarh Muslim University, 
Aligarh-202002. 
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phosphate rich in energy. While at 
higher concentrations in plants, they in-
hibit respiration and precipitate 
proteins. However, the selectivity of 
phenols and their related compounds is 
due to the physiological and biochemical 
features of plants. The indiscriminate 
use of pesticides is also reported to cause 
a significant change in the status of soil 
nutrients and in plant growth, " and af-
fect the biological activity through varia-
tions in microbial populations. In view of 
the phytotoxic role played by such toxic 
organic chemicals, it was considered 
worthwhile to investigate the effect of 
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certain phenolic compounds such as m-
cresol, phenol, resorciriol and pyrogallol 
on Gram (Cicer arietinum); and of pes-
ticides such as monocrotophos, dichlor-
vos and endosulfan on Lentil (Lens es-
culenta) and Linseed (Linum 
usitatissimum) plants under Indian 
environmental conditions. 
Materials and Methods 
area of Aligarh district (U.P.) and used 
in these investigations. 
Physico-chemical properties of the 
soil were : Sand, 61%; Silt, 25%; Clay, 
14% international pipette method7; pH 
8.8 (1:2.5 soil water ratio); Organic mat-
ter 0.41%8; CEC, 16.3 meq 100 gm'1 
Soil9; Available NH+4-N, 52.0: NO2-N, 
6.0; NO3 -N, 40.010; P, 25.011; and K, 
76.0 mg kg'1 soil9. 
The soil sample (0-30 cm) of Aerie 
Halaquept (Hirapur fine sandy loam) 
was collected from the representative 
TABLE 1 - Effect of Phenolic Compounds on the Growth and Development of Gram 
(Cicer arietinum) plants 
For pot experiments, one kg soil 
was mixed with requisite quantities of 
1 1 KonnFofinna — 
V^UbUI VUU1UI13 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No.of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No.of leaves/plant 
Germination (%) 
0.0 
29.0 
14.0 
11.0 
31.0 
92.0 
29.0 
14.0 
11.0 
31.0 
92.0 
29.0 
14.0 
11.0 
31.0 
92.0 
29.0 
14.0 
11.0 
31.0 
92.0 
0.25 
37.0 
17.0 
14.0 
41.0 
81.0 
38.0 
17.0 
13.0 
38.0 
86.0 
43.0 
20.0 
15.0 
40.0 
85.0 
45.0 
19.0 
17.0 
44.0 
90.0 
Doses (mg kg soil) 
0.50 
m-Cresol 
35.0 
17.0 
13.0 
38.0 
74.0 
Phenol 
36.0 
20.0 
16.0 
40.0 
79.0 
Resorcinol 
38.0 
18.0 
13.0 
36.0 
80.0 
Pyragallol 
35.0 
20.0 
14.0 
35.0 
89.0 
0.75 
28.0 
15.0 
10.0 
29.0 
69.0 
31.0 
15.0 
12.0 
30.0 
74.0 
32.0 
15.0 
11.0 
28.0 
75.0 
30.0 
18.0 
12.0 
30.0 
85.0 
1.00 
20.0 
12.0 
8.0 
22.0 
66.0 
23.0 
14.0 
9.0 
20.0 
71.0 
18.0 
13.0 
10.0 
17.0 
68.0 
20.0 
12.0 
11.0 
20.0 
81.0 
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phenolic compounds and pesticides and 
taken in the earthenware pots coated 
with coaltar to avoid the absorption of 
nutrients. Five levels of phenolic com-
pounds such as m-cresol (Ma), phenol 
(Ph), resorcinol (Re) and Pyrogallol (Py) 
containing 0 (control), 0.25, 0.50, 0.75 
and 1.00 mg kg" soil and six levels of 
pesticides such as monocrotophos (Mo), 
dichlorvos (Di) and endosulfan (En) con-
taining 0 (control), 5.0, 10.0, 15.0, 20.0, 
and 25.0 mg kg* soil were thoroughly 
mixed and taken in each pot in 3 replica-
tions. The pots were stored in a glass 
house maintained at 25± 3°C by taking 
care to regulate the moisture content of 
the soil to about 60% of its water holding 
capacity by adding distilled water when-
ever necessary. Out of the certified seeds 
of Gram (T-27), Lentil (T-44) and Lin-
seed (T-397) procured from the Agricul-
tural Farm of Aligarh district, five seeds 
were sown in each pot containing 
amended soils and ultimately they were 
thinned to one plant per pot and allowed 
to grow for a period of 90 days before 
they were taken for analysis . 
One gm of the air dried and 
grounded plant sample was digested 
with 10 mL acid mixture containing 
HNO3 : HCI04(4:1). The digestion mix-
ture was heated over a hot plate till 
brown fume ceases and converted to a 
syrupy liquid along with some white 
fumes. It was dissolved in 5 mL HC1 
(Cone.) and diluted with distilled water 
and filtered and the filtrate was ad-
justed to a volume of 50 mL in each case. 
The solutions thus obtained were used 
for the estimation of plant nutrients. 
The Na and K estimated by using 
"Systronics" flame photometer. The 
amounts of Ca plus Mg were estimated 
by versenate (EDTA) titration using 
buffer solution (pH-10) and eriochrome 
black-"T" indicator. While, the amount of 
Ca was estimated by EDTA titration by 
using mureoxide indicator9. The 
amount of JVIg was then calculated by 
subtracting the volume of EDTA used for 
TABLE 2 - Effect of Phenol ic Com-
pounds on the Nutrient Concentration 
of Gram (Cicer urietinum) Plants 
Nutrient Concentration 
Treatments 
% ppm 
Na K Ca Mg P Cu 
Mai 
Ma2 
Mas 
Mai 
Mas 
Phi 
Ph2 
Ph3 
Ph4 
Phs 
0.47 
0.52 
0.50 
0.47 
0.41 
0.47 
0.80 
0.82 
0.70 
0.50 
m-cresol 
1.22 
1.30 
1.15 
1.12 
1.10 
1.00 
1.10 
0.90 
0.60 
0.60 
Phenol 
1.22 
1.25 
1.62 
1.15 
0.90 
1.00 
1.20 
1.00 
0.80 
0.80 
0.90 
0.72 
1.62 
2.14 
2.14 
0.90 
1.20 
2.88 
1.08 
1.20 
50 
100 
150 
100 
50 
50 
100 
150 
50 
50 
10 
15 
15 
10 
5 
10 
15 
15 
10 
5 
Resorcinol 
Rei 
Re2 
Res 
Re4 
Res 
0.47 
0.77 
0.95 
0.72 
0.70 
1.21 
1.60 
1.70 
1.56 
1.55 
1.00 
0.80 
0.80 
0.60 
0.60 
0.89 
1.70 
1.44 
1.26 
0.90 
50 
150 
150 
100 
100 
10 
15 
20 
10 
10 
Pyragallol 
Pyi 
Py2 
Pys 
Py4 
Pys 
0.47 
0.52 
1.00 
0.85 
0.55 
1.22 
1.07 
1.50 
0.95 
0.92 
1.00 
0.90 
1.00 
0.70 
0.60 
0.88 
2.10 
0.96 
0.78 
0.72 
50 
150 
100 
100 
100 
10 
20 
20 
5 
5 
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TABLE 3 - Effect of Pesticides on the Growth and Development of Lentil 
(Lens esculenta) Plants 
Observations 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shoot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
0.0 
22.0 
13.0 
3.5 
95.0 
90.0 
22.0 
13.5 
3.5 
95.0 
90.0 
22.0 
13.5 
3.5 
95.0 
90.0 
5.0 
Doses (mg kg 
10.0 
Monocrotophos 
30.0 
16.0 
4.0 
160.0 
85.0 
27.0 
14.0 
3.8 
130.0 
77.0 
Dichlorvos 
32.0 
15.0 
4.5 
195.0 
85.0 
28.0 
14.0 
3.8 
130.0 
77.0 
Endosulfan 
29.0 
15,0 
3.8 
140.0 
82.0 
25.0 
15.0 
3.6 
110.0 
70.0 
Soil) 
15.0 
25.0 
12.0 
3.1 
99.0 
70.0 
22.0 
11.0 
3.0 
90.0 
65.0 
22.0 
12.0 
3.1 
82.0 
59.0 
20.0 
20.0 
11.0 
3.0 
85.0 • 
68.0 
23.0 
10.0 
2.5 
85.0 
60.0 , 
20.0 
11.0 
2.5 
80.0 
56.0 
25.0 
16.0 
11.0 
2.9 
60.0 
62.0 
15.0 
10.0 
2.4 
59.0 
60.0 
15.0 
9.0 
2.5 
60.0 
55.0 
Ca from the volume of Ca plus Mg. The 
amount of P .was estimated by 
spectrophotometric procedure at 470 
nm by using Vanadomolybdate solution 
1 ^ 
as colouring agent . The amount of 
Cu was estimated by G.B.C. 902 
double beam atomic absorption 
spectrophotometer. 
Results and Discussion 
It is evident from the results (tables 
1,2) that the phytotoxicity order is m-
cresol >phenol > resorcinol > pyrogallol. 
This is likely to be governed by the 
quantity as well as their non-ionizing 
tendencies in creating the phenoxide 
ions as indicated by the order of their 
pKa values (m-Cresol, 10.08; Phenol, 
9.98; Resorcinol, 9.48; Pyrogallol, 9.44). 
The non-phytotoxic behaviour at 
lower doses (<0.25 mg kg" soil) may be 
due to their non-availability caused by 
adsorption through H-bonding . 
The beneficial effect below this con-
centration is attributed to the chemical 
influence with enhanced bioactivity that 
is helpful in releasing the plant 
nutrients from the unavailable forms of 
organic and inorganic soil constituents. 
However, at higher concentration of 
>0.25 mg kg" soil, due to their toxic 
chemical behavior as contact herbicide4 
it adversely affects the normal function-
ing of plant growth. The inhibitory trend 
on seed germination by phenolic com-
pound was in the similar order of the 
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TABLE 4 - Effect of Pesticides on the Growth and Development of Linseed 
(Linum usitatissimum) Plants 
Observations 
Shot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. of leaves/plant 
Germination (%) 
Shot height (cm) 
Root length (cm) 
Shoot weight (gm/plant) 
No. ofleaves/plant 
Germination (%) 
0.0 
30.0 
11.0 
6.0 
250.0 
96.0 
30.0 
11.0 
6.0 
250.0 
96.0 
30.0 
11.0 
6.0 
250.0 
96.0 
5.0 
Doses (mg kg" 
10.0 
Monocrotophos 
40.0 
16.0 
8.0 
360.0 
90.0 
32.0 
14.0 
7.0 
340.0 
83.0 
Dichlorvos 
38.0 
15.0 
7.0 
340.0 
91.0 
32.0 
15.0 
7.0 
320.0 
85.0 
Endosulfan 
35.0 
14.0 
6.0 
300.0 
99.0 
32.0 
12.0 
7.0 
270.0 
85.0 
1
 Soil) 
15.0 
29.0 
12.0 
5.5 
270.0 
75.0 
28.0 
11.0 
4.0 
250.0 
72.0 
28.0 
12.0 
4.0 
270.0 
75.0 
20.0 
25.0 
11.0 
4.0 
250.0 
70.0 
25.0 
11.0 
4.0 
225.0 
71.0 
24.0 
11.0 
3.0 
225.0 
72.0 
25.0 
22.0 
7.0 
3.5 
150.0 
65.0 
22.0 
6.0 
3.5 
120.0 
68.0 
20.0 
9.0 
3.0 
170.0 
65.0 
previous work reported by Kaminsky. 
Regarding the effect of insecticides 
namely monocrotophos, dichlorovos and 
Endosulfan, on the growth and nutrient 
concentration of Lentil and Linseed 
plants, it is evident from the results 
(tables 3-6) that the phytotoxicity of in-
secticides follow the order - endosulfan 
>dichlorovos > monocrotophos which is 
likely to be governed by the number of 
active chlorine atoms in the molecules. 
The increase in growth and nutrient 
concentration at lower doses of 5 mg kg" 
soil may be attributed to their non-toxic 
tolerance limit for these pesticides. At 
higher levels of >5mg kg" soil, an in-
hibitory trend in the growth and 
nutrient utilization is noticed. The retar-
dation in the healthy growth and 
nutrients concentration of Lentil and 
Linseed plants could be attributed to the 
active role played by pesticides on soil 
microbial status " . This inturn had 
greater influence on the availability of 
various plant nutrients. The insecticides 
might have caused a disturbance in the 
populations of Azotobactor and 
Rhizobium spp. which are responsible 
for atmospheric nitrogen fixation and of 
Nitrosomonas and Nitrobactor respon-
sible for converting NH+4 -N to NO"2 -N 
and NO"3 -N usable by plants. However, 
a significant increase in the available 
phosphorus and potassium at lower 
doses and decrease at higher doses of 
pesticide in soil amendments as noticed 
by Khan et al may be the plausible 
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TABLE 5 - Effect of Pest ic ides on the 
Nutrient Concentration of Lentil 
(Lena esculenta) Plants 
TABLE 6 - Effect of Pest ic ides on the 
Nutrient Concentration of Linseed 
(Linuin usitatissimuni) P lants 
Treatments • 
Moi 
M(>2 
M03 
M(M 
Mo5 
Moe 
Dii 
Di2 
Dis 
Di< 
Dis 
DiG 
Em 
En2 
Ens 
En4 
Ens 
EnG 
Na 
1.70 
1.70 
1.72 
1.85 
1.75 
1.50 
1.70 
1.72 
1.55 
1.10 
1.05 
0.80 
1.70 
1.80 
1.70 
1.70 
1.65 
1.40 
Nutrients concentration 
t 
K 
%> 
Ca Mg 
Monocrotophos 
0.85 
1.30 
1.80 
0.97 
0.95 
0.85 
2.60 
3.70 
2.50 
1.60 
1.10 
0.70 
2.64 
2.22 
2.52 
2.52 
1.92 
1.50 
Dichlorvos 
0.85 
0.97 
1.00 
0.92 
0.95 
0.75 
0.85 
1.20 
1.10 
1.06 
1.05 
0.97 
2.60 
0.90 
1.90 
1.20 
1.20 
1.00 
2.40 
4.50 
2.52 
2.12 
1.44 
0.90 
Endosulfan 
2.60 
1.30 
1.60 
2.80 
2.00 
1.60 
2.44 
2.82 
1.92 
3.20 
1.44 
1.44 
pprr 
P 
40 
50 
45 
45 
40 
30 
45 
75 
50 
50 
35 
35 
50 
60 
40 
35 
30 
25 
i 
Cu 
15 
20 
15 
15 
10 
10 
15 
25 
40 
20 
15 
10 
10 
15 
15 
15 
10 
10 
Treatments • 
Moi 
Moa 
M03 
M04 
M05 
MOG 
Dii 
Di2 
Dis 
DM 
Dir, 
Die 
Em 
En2 
Ens 
En 4 
Ens 
En8 
Na 
1.50 
1.70 
1.80 
1.72 
1.65 
1.60 
1.50 
1.85 
1.85 
1.70 
1.62 
1.51 
1.50 
1.72 
1.85 
1.55 
1.40 
1.40 
Nutrients concentration 
% 
K Ca Mg 
Monocrotophos 
1.05 
1.15 
1.40 
0.95 
0.90 
0.85 
1.30 
1.60 
1.70 
1.10 
1.00 
0.70 
1.98 
2.16 
1.08 
1.96 
1.36 
1.10 
Dichlorvos 
1.05 
1.30 
1.35 
1.15 
1.00 
0.90 
1.30 
1.70 
1.20 
0.90 
0.90 
0.80 
2.00 
2.22 
2.28 
1.98 
1.90 
1.20 
Endosulfan 
1.05 
1.24 
1.10 
1.10 
1.05 
1.00 
1.30 
2.40 
1.70 
2.00 
1.40 
1.50 
2.00 
2.54 
2.60 
2.10 
1.80 
3.00 
ppm 
P 
45 
55 
80 
55 
35 
35 
45 
50 
50 
35 
25 
20 
45 
45 
50 
40 
35 
20 
I 
Cu 
10 
10 
15 
15 
10 
5 
10 
15 
15 
10 
10 
5 
10 
20 
15 
10 
10 
5 
explanation for the pattern in growth 
and development of these plants as a 
result of pesticide applications. 
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Influence of Heavy Metal-Humic Acid 
Complexes on the Growth and Nutrient 
Concentration of Wheat 
(Triticum aestivum) Plant 
SAMIULLAH KHAN*, M. A. QURESHI* and JAIBIR SINGH* 
A green house experiment was conducted to evaluate the role of certain heavy 
metal-humic acid complexes on the growth and nutrient concentrations of wheat 
(Triticum aestivum) plant. The results indicated a beneficial effect at lower doses up 
to 1.50 gm for Pb-and 0.50 gm Kg'1 soil for Cd-HA beyond which they were 
phytotoxic. However, Ni- and Cr-HA complexes showed the beneficial effect 
throughout the entire range of their amendments in the soil of Aligarh district. These 
results have been explained on the basis of chemical behavior of metal complexation 
with the plant sap as well as changes in microbial activity in soils. 
Key Words : Heavy metal, Humic acid, Plant nutrients, Wheat plant 
Introduction 
Heavy metal pollution caused by 
enormous industrial waste disposal, the 
use of impure low grade rock phosphatic 
fertilizers " as well as huge emissions 
from fosil fuels ' containing appreciable 
amount of toxic heavy metals have 
posed an alarming situation as they may 
get transfered into food chain through 
plants grown on lands exposed to these 
toxic heavy metals. The utilization of 
sewage sludge as a source of fertilizers 
containing some useful major and 
micronutrients along with heavy metals 
to agricultural lands have also been 
reported by many workers . The effec-
tiveness of heavy metals such as Pb, Cd, 
Ni and Cr etc. in soils are governed by 
the nature and extent of clay minerals 
and soil organic matter and its fractions, 
humic and fulvic acids . A major con-
stituent of soil organic matter is humic 
acid (HA) which is composed of nega-
tively charged polyelectrolytes whose 
principal active functional, groups are 
carboxyls, phenolics, alcoholic and car-
bonyls ' . Humic acid, a constituent of 
SOM, forms complexes with positively 
charged metal cations that are reported 
to play an effective role in their migra-
tion through soils and plants. 
The presence of heavy metals in soil 
changes its nutrient status and their 
availability to plants due to the 
nutrient-heavy metal interaction as well 
as due to change * in soil , microbial 
populations which are responsible'for 
the maintenance of soil fertility. Little 
information is available on the specific 
role of Pb-, Cd-, Ni- and Cr-HA com-
plexes on the growth and development 
and nutrient concentration of certain 
* Department of Applied Chemistry, Z. H. College of Engineering' & Technology, Aligarh Muslim 
University, Aligarh-202 002 (India). 
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plants under Indian environmental con-
ditions. In the present study, an attempt 
was made to evaluate the effect of Pb-, 
Cd-, Ni- and Cr-HA complexes on the 
growth and nutrient concentration of an 
important cereal wheat (Triticum aes-
tivum) crop. 
Materials and Methods 
The soil sample (0-30cm) used in 
this investigation was an illitic fine 
sandy loam collected from the Aligarh 
Muslim University farm, Aligarh (U.P.). 
The soil sample was air dried, crushed 
and sieved through a 100 mesh to obtain 
a uniform particle size. The physico-
chemical properties of the soil were : 
Sand, 61%; Silt; 25% and clay, 14%12 pH 
8.8 (1:2.5 soil : Water ratio); Organic 
matter, 0.41%13; C.E.C., 16.3 meq 100 
gm" soil; Exchangeable Na+, 1.0; K+, 
0.5; Ca2+f 3.5 and Mg2+, 1.2 meq 100 
gm'1 soil14, Available NH+4 -N, 52.0: 
NO'2 -N,6.0; NO"3 -N.40.015; P,25.0, 
and K+,76.0 mg/Kg-1 soil14. 
The soil organic matter was 
separated from the soil, by treating soil 
with 0.1 N NaOH + 0.5N Na2C03 mix-
ture over a hot plate. 
It was stirred with a magnetic stir-
rer at 80°C for about 1 hr.17 The filtrate 
was then acidified with 0.1N HC1 and 
cetrifuged to separate humic acid frac-
tion. It was further purified by the 
method of dialysis using a parchment 
paper. For the preparation of the heavy 
metal viz. Pb, Cd, Ni and Cr Complexes 
with humic acid, 0.4M solutions of their 
respective nitrate salts were treated 
with 1% humic acid and allowed to 
stand for 24 hours at 30± 3°C. The crys-
tals of the heavy metal-HA complexes so 
formed were then filtered and washed 
several times with double distilled water 
and then dried at room temperature. 
These complexes were used for further 
experimental work. 
The experiments were coducted in 
seventy two earthen pots (25 diameter x 
25 deep cm) in a green house. The pots 
were cleaned and coated with coaltar to 
prevent the absorption of salt solution. 
One kg of the amended soil was taken in 
each pot. There were twenty four treat-
ments in three replications. The levels of 
Pb- and Cr-HA complexes addition were 
: 0.0 (control), 0.5, 1.0, 1.5, 2.0 and 2.5 
gm Kg" soil (designated as Pbo, Pbi, 
Pb2, Pb3, Pb4, and Pb5,; Cro, Cn, Cr2, 
Cr3, Cr4 and Crs respectively). Whereas 
the Cd- and Ni-HA complexes levels 
were : 0.0 (control), 0.25, 0.50, 0.75, 1.00 
and 1.25 gm Kg' soil (designated as 
Cdo, Cdi, Cd2, Cd3, Cd4 and Cds; Nil, 
Ni2, Ni3, Ni4 and Nis respectively). The 
soil and requisite quantities of metal-HA 
complexes in 500 mL of water added 
were mixed thoroughly to ensure an 
even distribution. A Wheat Variety, 
Kalyan Sona was sown at the rate of 
eight seeds per pot and were thinned to 
four uniform plants per pot and allowed 
to grow for a period of 60 days. The fresh 
weight of shoots and dry matter yield of 
the sample were recorded and taken for 
analysis by using the method of Ton-
dan18. 
One gm of the air dried and 
grounded plant sample was digested 
with 10 mL acid mixture containing 
HNO3: HCIO4 (4:1). The digestion mix-
ture was heated on a hot plate till brown 
fume ceases and converted to a syrupy 
liquid along with some white fume. It 
was dissolved in 5 mL HC1 (cone), then 
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diluted with distilled water and filtered 
and adjusted to a volume of 25 mL in 
each case. The solutions obtained were 
used" for the estimation of plant 
nutrients. The Na, K were estimated by 
using Systronics flame photometer. The 
amount of Ca plus Mg were estimated 
by versenate (EDTA) titration using a 
buffer solution (pH-10) and eriochrome 
black "T" indicator. The amount of Ca 
was estimated by EDTA titration using 
Mg was then calculated by subtracting 
the volume of EDTA used for Ca from 
the volume of Ca plus Mg. Cu, Fe, 
Mn and Zn were estimated by G.B.C. 
902 double beam atomic absorption 
spectrophotometer. 
Results and Discussion 
The results show (Table-1) that the 
fresh and dry weight yield of wheat 
plant has increased to about 13% and 
mureoxide indicator. The amount of 
TABLE 1 • Effect of Pb-, Cd-, Ni- and Cr-HA Complexes on the Growth and 
Nutrients Concentration of Wheat (Triticum aestivum) plants 
Treatment 
Pbo 
Pbi 
Pb2 
Pb3 
Pb4 
Pb5 
Cdo 
Cdi 
Cd2 
Cds 
Cd4 
Cds 
Nio 
Nil 
Ni2 
Ni3 
Ni4 
Nis 
Cro 
Cri 
Cr2 
Cr3 
Cr4 
Crs 
Weight (gm/plant) 
Fresh 
3.575 
3.810 
4.026 
4.051 
3.815 
3.268 
3.575 
3.582 
3.620 
3.411 
2.685 
2.505 
3.575 
4.103 
4.532 
5.015 
5.210 
4.930 
3.575 
3.833 
4.263 
4.633 
5.110 
5.230 
Dry 
1.075 
1.100 
1.413 
1.416 
1.215 
0.965 
1.075 
1.090 
1.215 
0.915 
0.682 
0.682 
1.075 
"1.540 
1.610 
1.731 
1.685 
1.590 
1.075 
1.100 
1.625 
1.601 
1.685 
1.720 
Cu 
5.6 
5.8 
6.3 
8.1 
5.8 
5.0 
5.6 
5.6 
6.0 
5.5 
4.0 
3.1 
5.8 
8.2 
10.3 
10.4 
10.4 
10.2 
5.6 
8.2 
9.3 
9.5 
10.3 
10.8 
ppm 
Fe , 
230.0 
236.0 
260.0 
275.0 
240.0 
210.0 
230.0 
236.0 
245.5 
226.0 
176.8 
156.0 
230.0 
235.7 
257.0 
257.0 
250.0 
245.0 
230.0 
251.0 
276.5 
281.0 
284.2 
286.0 
Nutrients Concentration 
Mn 
52.0 
54.0 
56.0 
57.6 
50.5 
46.0 
52.0 
54.0 
56.0 
50.0 
40.0 
25.0 
52.0 
54.0 
55.5 
56.0 
55.0 
56.0 
52.0 
59.6 
61.2 
63.5 
71.0 
73.0 
Zn 
7.1 
7.2 
9.0 
13.5 
9.1 
5.8 
7.1 
7.2 
7.8 
7.0 
3.8 
2.5 
7.0 
12.2 
16.4 
16.0 
16.4 
19.8 
7.1 
8.3 
10.1 
11.2 
13.5 
14.0 
Na 
0.54 
0.63 
0.54 
0.62 
0.30 
0.24 
0.54 
0.47 
0.54 
0.30 
0.26 
0.18 
0.54 
0.76 
0.76 
0.82 
0.86 
0.75 
0.66 
0.76 
0.84 
0.88 
0.92 
0.96 
% 
K 
2.83 
2.98 
3.10 
2.79 
2.12 
1.83 
2.83 
2.85 
2.95 
2.75 
2.24 
1.74 
2.80 
2.98 
3.57 
3.57 
3.10 
2.54 
2.83 
2.98 
3.52 
3.52 
3.98 
3.97 
Ca 
3.40 
3.54 
3.25 
3.84 
2.24 
1.95 
3.40 
3.45 
3.20 
2.86 
2.10 
2.12 
3.40 
4.25 
4.30 
4.38 
2.48 
2.10 
3.90 
3.71 
4.25 
4.56 
4.38 
4.58 
Mg 
0.47 
0.54 
0.58 
0.47 
0.47 
0.38 
0.47 
0.66 
0.45 
0.38 
0.33 
0.35 
0.47 
0.66 
0.76 
0.82 
0.48 
0.46 
0.91 
0.68 
0.72 
0.65 
0.46 
0.52 
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31% in the case of Pb- HA at Pb;i level 
and 1.2% and 13% for Cd-HA at Cd2 
level over control respectively. However, 
the addition of higher doses of these 
complexes caused a gradual reduction of 
dry matter yield up to 8.5% and 30% in 
the case of Pb-HAand Cd-HA complexes. 
On the other hand, Ni- and Cr-HA com-
plexes addition, a significant increase 
upto 45% and 46% was observed 
throughout the entire range of the study 
except at N15 level where a slight 
decrease was observed over control. 
Thus it may be concluded that the 
presence of Cd- and Pb-HA complexes in 
soil at their lower level (0.50 and 1.50 
gm Kg" soil) were beneficial for the 
growth of wheat plant but became 
phytotoxic at higher levels (Table-1). 
The toxicity of these metals in wheat 
plant followed the order Cd->Pb->Ni-
>Cr-HA that were in the sequence of 
their stability with Humic acids . The 
concentrations of Cu, Fe, Mn, Zn, Mg, 
Na and K increased in wheat (Trltkum 
aestivum) plants at lower doses of Pb-
(1.50 gm Kg'1 soil) and Cd-HA (0.50 gm 
Kg" soil) complexes, beyond which an 
abrupt decrease of these plant nutrients 
were noticed (Table-1). However, con-
centration of these nutrients in the 
wheat plant increased by Ni- and Cr-HA 
applications. The lower non-toxic levels 
of added metal-Humic acid complexes 
might have been a major chemical in-
fluence for the increases in certain 
microbial populations such as fungi and 
bacteria as noticed by Zibilske and Wag-
ner" working on soil ammended with 
sewage sludge containing heavy metals. 
The concentration of heavy metal in 
these complexes upto a certain lower 
levels are beneficial to the soil microbes, 
resulting in their increased microbial ac-
tivity that are helpful in releasing the 
plant nutrients from soil organic and in-
organic matters required for healthy 
growth . The nutrient concentration in 
plant tissues is considered to be affected 
by geochemical and biological process in 
soil which play an effective role in their 
absorption. The heavy metals and plant 
nutrients are reported to be translocated 
in the hyphal lumen, easily by the mass 
flow process to increase their concentra-
tion in vegetative parts. However, the 
decrease in nutrients concentration at 
higher levels of Pb- and Cd- complexes 
might be due to their greater absorption 
as compared to the nutrients in plants . 
The soluble metal-HA complexes in soil 
moved to root zone and enter in it 
through cell membrane ' . The stability 
constants of Na, K, Mg, Ca, Mn, Fe, Zn, 
Cu, Cd and Pb with the organic matter 
is reported to be same in soil solution 
Thus, the competitive effect in the com-
plexation of metals with the organic 
ligards is significant so, at higher con-
centrations Pb and Cd may be more 
complexed than the other nutrients and 
moved to the plants as such in greater 
amounts than useful plant nutrients and 
have resulted an abrupt decrease in 
their concentration in wheat plants. 
This might have caused its stunted 
growth at higher levels of Pb- and Cd-
HA applications to soil. However, no 
such competitive effects were noticed in 
the cases of Ni- and Cr-HA complexes 
and nutrients content of plants 
remained well over the control 
throughout the entire levels of their ap-
plication. 
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